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I  lie  experiments  described  were  devised  to  improve  the  reliability  and  versatility 
of  that  class  of  detc>  tor  systems  currently  known  as  in  urn  biosensors  WMW  the  target 
substance  of  interest  tit  thp  research  wjs  the  military  explosive  I  N  l#  other  experiments 
have  shown  that  maerosmattc  animals  can  be  used  to  detect  my  nail  substances,  and  thus 
the  outcome  of  this  propram  is  of  value  to  both  public  and  private  sector  detect  ion  activities 
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The  research  was  designed  to  prove  the  validity  of  four  theses:  1 1 )  Rats  can  detect 
TNT  vapor  via  their  olfactory  function:  (2)  Trained  rats  will  operantly  signal  the  arrival 
of  TNT  vapor  at  their  nates;  (3)  Rats  may  he  trained  en  masse  to  function  as  biosensor 
detection  systems;  (4)  The  electroencephalogram  (Cl  Cii  of  trained  rats  contains  specific 
signals  uniquely  related  to  their  awareness  of  TNT  vapor. 

Albino  male  rats  were  equipped  with  lour  chronic  indwelling  brain  electrodes,  three 
of  which  were  electroencephalograph  (HTif  pick-off  electrodes  juxtaposed  to  the  dura 
mater,  while  the  fourth  lead  was  a  stimulus  electrode  embedded  in  the  medial  forebrain 
bundle,  iMI'B).  Llectncal  brain  stimulation  (TBS)  was  applied  to  the  MCB  fwhich  has 
been  termed  a  ‘‘pleasure  center'4),  is  a  conditioning  stimulus  during  training  and  reinforce¬ 
ment  sessions. 

Subjects  were  first  conditioned  by  operant  methods  to  associate  the  p.esence  of 
TNI  vapors  with  TBS  and  to  signal  awareness  of  the  target  substances  by  treadle  pressing. 
When  it  was  established  that  the  animal  clearly  recognized  the  relationship  between  TNT 
vapor  and  the  availability  of  fc.BS,  the  subjects  were  further  conditioned,  using  the  methods 
of  classical  conditioning,  to  expect  TBS  gratis  on  a  random  reinforcement  schedule, 
only  when  TNT  was  present.  Since  no  operant  response  was  then  required.  :«ie  treadle 
was  eliminated,  and  the  subject  was  severely  restrained  during  the  training  to  minimize 
motor  artifacts  in  the  LhG.  following  the  initial  classical  protocol,  randomly  sequenced 
olfactory  stimuli  (TNT  or  neutral  odorant)  were  delivered  in  simulated  search  paradigms. 
I  BS  was  withheld  during  these  search  sessions  to  simulate  "real  world"  conditions.  Rein¬ 
forcement  sessions,  periodically  interspersed  with  searches,  assured  that  no  extinguishment 
o<' conditioning  occurred. 

The  four  theses  postulated  above  were  proven  individually.  It  has  thus  been  demon¬ 
strated  that  properly  conditioned  rats  can.  in  fact,  be  utilized  as  sensory  elements  in  bio¬ 
sensor  explosives  detection  systems. 
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INVESTIGATION  OK  BEHAVIOR. ALLY  MODIFIER  RATS 


FOR  »  SF  IN  EXPLOSIVES  DETRITION  .SYSTEMS 

I.  INTKomcTlON 

1.  Synopwi*  of  the  Experiment.  The  re -card*  dt-cu—ed  in  thi*  rcjiorl  i- 
iiirii'fmnl  with  improving  the  ojw-rational  reliability  of  aninul«i‘m[itmi>il  a-  the  -en-orv 
element  in  expio-ive-  detection  -v-tem*.  Four  ha-ir  llie-e*  were  ime-tigated.  and  the 
re-earch  re-ult-  n>  each  of  iIicm*  area-  rcpre-entcd  an  original  con  tril  Hit  ion  to  the  dc.eio|>- 
in*'  field  of  iinw'ii-or  detection  o<Ihik  I  he  a-  lhe-e*  are; 

The*i»  A:  It  i»  fm-tulaled  thdt  rat-  can  detect.  %ia  their  olfactory  -en-orv 
function,  Mime  coin|Hinent  of  the  military  e\plo-*ive  2. l.fHrinitmtoluene  |TNTl  in  minute 
ipianlilic*. 

The*i»  B:  It  i»  |H>*tiiiated  that  if  The-i-  \  i-  true,  then  profier  liehavioral 
conditioning  can  cuiim*  the  animal-  to  <>|»-r.intl\  -ignal  their  awarenr—  of  the  pre-ence  of 
Mime  effluent  of  TY1  in  tile  anilneiit  air. 

The»i«  <i:  It  i«  |>o»tulatcd  that  if  The-i-  K  i-  true,  then  it  -hoiild  lie  |m>— ihle 
to  train  -cveral  -uhjcct-  -iriuiltaneon-ly  (a-  op|Mi-ed  to  the  traditional  methml  of  in* 
dix  idiial  -eipiential  conditioning  of  iniiltinle  te>t  object-)  u-ing  a  -emi-auloniatic  te-l  -la¬ 
th. n  employing  *>fw-ranl  and  da— ical  <-niidit  inning  paradigm-. 

The*ii»  I):  It  i%  |Helulaled  that  if  The-i-  H  i*  tme.  then  it  may  Ik*  |m>— ilde 
to  elucidate  Mime  -tati-ticallv  -ignificant  change  in  the'  cortical  electroencephalogram 
iKFfit  of  the  le»t  -uhjrct-  after  the  ait  of  detection  ha.*-  occurred  am*  prior  to  n|»rraiitlv 
-ignaling — or.  in  the  jI>m‘iii-c  of  the  opfmrlunilv  to  ojierantlv  -ignal — the  detection. 
Phra-ed  differenllx .  it  -hou Id  lie  jm—ihlr  to  da— icallv  condition  thi*  lc*t  -uhjrct-  to  an¬ 
ticipate  the  reward  that  »a>  heretofore  forthcoming  onlv  a-  a  con-eipieiire  of  an  ofieranl. 
The  -late  of  cerebral  amu-al  re»ulting  from  the  aniicipation  -hoiild  then  rr*ull  in  an  an¬ 
ti  -ipatory  evoked  -pectral  change  (A  ESQ  in  the  cortical  KKfi. 

The  overall  re**earch  «  ff«irt  -panned  a  |ierind  of 'over  f  yr  diiring  which  two 
ha-ieally  -molar  ex|n-rimeiit— hereafter  -imply  lalieled  Kx|»eriment  I  and  Experiment 
II —  were  jierformed.  The  re«eareh  demon-lraled  that  each  of  the  four  po-tulate*  i-  true  in* 
Mifar  a-  lalmratory  exjierinieul-  can  verify  the-e  fm-lulatc*.  For  the  rtio-l  pragmatic 
verification,  it  will  lie  nccr— arv  to  train  a  large  iiunilier  of  -nhjert*;  cipiip  a  fmrtable 
detection  »y»tem  with  the  -object-,  -nil aide  micrnpriirr— of  device*,  air  inlet  device*. 


I 


alarm  drxirr-.  i  lr.:  and  rxrrri»r  a  i  rii1'  nf  dunlilr  hlind  fit-id  I* — ( -  -imil.ir  to  t In 
rmpluxrd  xx  i tli  ullirr  -tihjrrl-.1  (  hiU  aflrr  -lirrr— fnl  <-•  mi p l«  f i > >>i  <•!  -urli  Ir-t-  ran  one  -talr 
lIllriiiiixiH-ailx  that  a  urn  -rii-ur  -\»lrni  h.i-  Iwrn  drxrlojwd. 

2.  Rr»rarrh  in  Sr»*orx  Sxwient*.  In  (hi-  ilrrailr.  mankind  fair-  a  rriliral  ihrral 
liri>ll»ill  alxnil  lix  I  In-  ~lt  i  f  t  in  I  In*  rl  frrtixrnr—  nf  I  fit*  arlixilir-  nf  the  rrimina!  clrmrnl  Xif 
-iwirlx  rrlalixr  lii  ilia!  nf  tin-  Ian  rnfnnvinrnl  anil  rrmilalnrx  aiirrn  ir-  nf  all  nalinm. 
<  riinr-  aiMin-l  tin*  inilixnln.il  a  in  I  a^ain-l  -urnlx  in  "rnrral  arr  r-ralatin::  fnr  n-a*nii« 
xxliirli  .ipiwar  In  Iw  I  m- x  mill  -implr  raliniiali/atinn.  Tin*  ran-r-  arr  nnl  irnnan#1  lit-rr.  I  ml 
tin-  aiiiH'aranrr  nf  iturra-iii-dx  -uphi-liratrd  arlixilir-  mi  tin-  part  nf  tin*  rimira— m-ial 
•  Irmi-nt-  nf  .m  irlx  ilrnianil*  lln-  runrcplinii.  ilrxrlnpmrl.l.  ami  ili'plnx ntrill, nf  (mix  rffi-r- 
lix  v  nnl  1  ii  m  1  fur  ilimi..nlnii"  I  In*  rffrrlixrnr—  nf  rriminal  uiwral  i«*n*.  1  In*  rtwarrli  i*  tin* 
ilirri'l  rr*nll  nf  nnr  -irp  toward  I  Ii »-  goal. 

Oil**  nf  iln>  ii  inn-  iliillin"  rriminal  tlirrat-  Ind;  \  i-  I  In-  |mtrnli.d  fur  -o-rallrd 
r.nlnnl  nr  irrmri-l'  jjrntip-  In  ilrplux  and  drlnnalr  rxplr-ixr  drxirr-  in  pnldir  an-a-  xxilli 
xirtnailx  /rn>  prnhahililx  nf  pn-dituu.itinii  drlrrtinn  nf  | In-  ilrxirr.  I  hr  nltimalr  Imr- 
rur—  I  In-  n-r  -if  lunl.ar  r\pln*;xi—  In  thr-r  «nmp—  max  nrriir  willlin  llir  nrxt  tlrr.idr 
nnlr—  »uMir  n-ianlnm  trap-  fnrxxard  an-  -non  axailaidr  in  I  hr  -rirnrr/arl  nf  rxplo-ixr- 
dril  l  linn.  I  In-  pmhaiiilitx  nf  "nnrirar  trrmri»n:“  ilr|wnil»  n|Hin  tin-  rffrrlixrnr—  nf  t In- 
•ah  ^uarii-  xxliirli  -hirhl  ii—inn.ililr  matrrial-  frum  rradx  aov—  to -killrd  inlrmlrr-  who 
xxnuld  aliim-l  rrrlainlx  find  it  iiri-r— -arx  In  >:-«•  high  rxpln-ixr-  iii  gain  arrr—  In  lhr»r 
mali-ri.:l*.  Il  i»  rxidrnl  that  trul\  rf/rrlirr  rxpln-ixr-  ditrrtur-  an-  dr-|wralrlx  nrrilrd  fnr 
iw  in  th  n-r  pulilir  an-a-  -n-rrpiihlr  In  lhn-al  and  in  thr  arrr—  palhwax-  In  ihr  *lrnn». 
lull  not  iiii|M-iiriralil<-.  niirh-ar  »tnra<;r  an-a*. 

Ill  -pill-  nf  (III-  ini|Hirtanrr  In  -iwirlx  nf  adilill"  In  ill*  armrr“:-;,i.;rum  nf  law 
rnfun-rnii'lil  rlrmrul-.  I  lirrr  an-  unlx  a  frw  htindn-d  jwr-oti-  km.w  n  in  Iw  arlix  i-lx  rnpisril 
in  rr-r.in  h  and  drxrlnpmriil  arlixilir-  din-rtlx  rrlalrd  In  rxpln-ixr-  -rn-iti"  »\«lrin».  Thi- 
•mall  -rirnlifir  rnmmiuiilx .  fai-rd  with  a  la-k  whirh  II::*  hilhrrtn  prnxnl  In  Iw  xirliiallx 
impo—  il  ill-  (nil  a  prarlir.il  h,i-i-|.  -rrin-  In  Iw  -luw  lx  dr  x  nix  ill”  ililu  two  irrutip 
plnln-nphir-  nf  drlritiiin  rr-wanh.  I  Ilr  dirhntnmx  llm-  “rilrralrtl  n'-ulxr-  In  I  hr  follow* 
in«  rr-rarrli  ralr«orir«: 

(iruup  \:  I’lix-im-rhrmiral  »rn»nr». 

!  imnp  II:  ftin-rii-nr-. 

K.lrli  "roup  i-  appan-nllx  -Irnnidx  |wr-uadrd  dial  their  appmarli  i-  lw-1  -uilrd 
In  llir  pur|Mii-.  and.  w  liilr  lln-n-  i«  nnrmallx  little  artixr  i»p|to-iliuti  rarh  In  I  hr  nthrr.  llirn- 
I-  al-n  liltlr  mutual  illlrrr-l. 

X..I.IH  .  M  X  -|ImI  lrl.ll.tla  II  I  xllll.  IXlMliHa  I  4HM»a."  H<  |a-l  .‘alt  I  -  X*»a|  Xl|  H  X  I  N  I  I  X|  f|  llall.HI. 
x.i'  .i.ia . i*»: :• 
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3.  l’hx>*ico-<  h  micHl  ViiMir.  Hhxioti-lx.  the  re-earrh  de-crilicd  tali-  min  f.roun 
ii.  anil  I  haxr  .a :i  !ii|ili  il  In  maintain  a  ln^li  decree  of  uhjcelix itx  in  tin-  lalimiafi'  lor  mx 
-clci  tinii  nl  lln-  urnup  .i'  lln  mu-  nm-t  lihrlx  to  achieve  tin-  det» a  Unit  ^nal  in  tin-  near 
future.  Prior  to  di-cu— .ins  llu-  merit-  >.l  (.roup  B  -cn-or  «v>li-m*.  it  hhiiM  lie  wi  ll  In  rnii- 
-idi-r  lirnllv  lho-c  trchimpic-  winch  In-  ill  t.ronp  V.  li(oufi  \  ci«d,r.uv-  -cun-  cetixi-n- 
lliinal  ti-i  1 1 1 1 1 •  1 1 1 1  -  which  art-  nothing  inorr  ill, in  attempt-  to  aita|>t  vim,  i'.riu  of ronxrn- 
tiimal  lahoraiorx  equipment  In  field  u-r,  \  irtuallx  hundred-  of  tin  -  haw-  I 1 1  | m it 
forth  which  purport  to  j >r< >\  ii l«-  -omr  1 1 n | >r> >v «■  merit  in  tin-  eftu.icx  ol  tin-  ",i» 
chruinatnu'raph  tM.i.  tin-  m.i—  »|M-<-tro«ra|*li  iMm.  I  lie  pla-ma  chromatograph  tl*t or  the 
l  oinlii nation-  ol  thc-c  »x  »li-m»  it  ,>/\|>  ami  I't  J \IS|.  Tlie«c  are  tu-lr.imrnl-  which  Tiiurtioii 
wi  ll  in  lln-  lahoraiorx  lull  winch  often  prove  to  In-  impractical  for  u-«-  in  lit-hl  -crxice  a- 
c\plo-ixr»  detector-. 

l  ln-  ri-a-on-  for  tin-  low  itlililx  an-  pragmatic.  lln-  rla—  ol  in-truiiD-ntation  i- 
t-illu-r  xrrx  fragile  ami.  In-mv.  not  trulx  lran-|H>rtalil<-  la-  an  explo-ixr-  detector  "cncr.illx 
'll  >1  Im-i.  or  it  im-x  an-  iii.nli-  to  U-  rit»»«>«l  ami  lint-  arc  lrun-|M>rtahlc.  tin-  co-l  i-  n.niu- 
ci-|ilal>lc  lor  iicr.il  ti-c  cxm  when  economic-  of  -calc  arc  mti-idcred.  But  nm-l 
_ -i j*m f i<  antlx .  thr-c  in-lrnim  nl-  irxrrpt  lor  lln-  I’t  it.  vxlu-tlicr  ru^ed  or  fragile,  cannot  l>x 
tln-ir  nature  U-  m.nlc  to  o|H-ratc  in  real  lime. .  I  lii-  i»  a  fatal  flan,  -hire  afler-tlie-farl  rv 
|i|o-ixe-  ileiet  lion,  in  in ,<ii x  ra»e..  i-  lai.il  to  tin  -eareli  «le\ ice  an«l  to  am  human  o|M-rator 
nnforliinale  enough  to  a>  romp. mix  it. 

In  addition  lo  the  -x-teni-  dr-rriltrd  alnxxe.  t.ronp  V  al-o  contain-  a  xa-t  arrax 
of  -rheme-  whirl,  no-  -nine  lorlll  of  r  Irrtrollia^lletie  deter  I  ion,  Nlimrnitl-  .ltteill|it>  at  r\- 
|do-ixr.  ili-lrriton  haxe  n-e«|  |rrhnii|m-.  raii"iii"'  front  -«»j»lii«ticale*l  a<ia|italion-  of  (  \X 
radar-.  -Iiort-  and  lonc-ptil-c  radar-,  \-rax-.  ami  t  ,annna-rax  ami  neutron  radiation  to  -im- 
|i|r  -cficnie-.  -m  il  a-  tin-  h.ililiecd  Hr  lradi<rfre<|ttritcx f  liridite.  -»-ett  in  roiltriii|M,rarx 
rolinm-rrial  and  carl  x  mililarx  drxire-.  I  hr-e  dt-x  ire-  xxili  n-itallx  detect  in  real  time 
t<  I  -I.  hut  there  are  other  a»|N-et-  of  |M-rfornialiee  whieli  render  tlieni  "enerallx  it-ele— .. 
I  hex-  |»roldein-  are  well  c\prc— ed  ill  tin-  often-heard  |dira«e.  “d«-teeti«in  i«  not  reallx  the 
|>.rolileni — the  |iroldetn  i-  line  of  identifiratioii."  Indeed,  itm-l  of  thc-c  -x-teni*  rail,  with 
xarioii-  degree.  ol  -nor-,  detect  anollialie-  ill  the  aniliienl  enx irollllient.  Init  tliex  will  not 
ll li i< |ti«-l x  detect  ci/i/owiex.  ami  llui-  tliex  an-  e— entiailx  u-c,le—  in  the  de-ired  detection 
-erx  ice  where  high  drtrrtion  |iro|iainlilx  mi  li— I  I  h*  eoii|de<l  with  a  low  f.tl«c  alarm  prole 
alulitx  if  -<*  are  lie-  are  to  lie.  completed,  in  a  litticlx  manner.  Thi-  latter  eon-iileralion  lead- 
to.  the  two  final  t  actor-  w  hull  uni-1  lie  •  -,u-.derrd  relatix'e  lo  the  teclinii|lie-  of  ( .rnnp  \. 
Thc-c  are  the  factor-  of  -en-itix  itx  and  -|M-rifirixx . 

Iln-re  are  iniim-roii-  rcl.ilixclx  iiitineunn-  rln  mieal  roiii|M>nml-  which  have 
molecular  -lriirtiir.il  roiii|Hiiietil-  -iinilar  to  tho-e  in  rxjdo-ixe-.  ami  a  practical  detection 
drxire  lllll-l  In-  capable  of  -electing  -onie  |dlX-lr.ll  factor  or  group  '  factor-  which  will 


unet|uivocalIv  indicate  lhal  the  *u*|>cct  substance  i«  or  i»  lint  mir  of  the  inimical  *ct.  Fur¬ 
ther.  the  «!♦*% i<'«»  must  lie  able  to  funrtion  nitli  a  reasonable  fal*e  alarm  rati-  (  <  i.*>  per¬ 
cent!  in  an  environment  where  the  effective  *ignal-fo-clultcr  ratio  mav  lie  mm  h  lc»*  than 
unitv.  ami  thus  high  specificity  i*  ahsoluleiv  an  e**ential  njicratiiig  parameter  if  low  fal-e 
alarm  prohahilitv  i*  to  lie  ohtaineil.  Finailv.  the  »v*tent  n:u*t  fw  eajiahle  of  -iiffii  ient  »en- 
siiivitv  to  jierfnit  ileteetioii  w  hile  the  target  i»  not  iniineiiialetv  proximal  to  the  detector.  In 
practice.  the  range  of  ileteetion  should  In-  mea-iireil  in  feet,  not  in  incite*.  ami  f hi- 
'tringent  reijitirenienl.  eonpleil  with  the  m-eii  for  real  time  ileteetion  annunciation. 
prc*cnllv  eliminate*  mo-t  phvsiciechemical  ilirme*  from  am  -oriou-  con*ideration  for 
um*  a>  jMirtalde  explosive*  detection  «v«tem*.  or  for  detector*  for -erviee  in  which  the  target 
object  i*  in  motion  (e.g..  human*  in  |*ortal*.  eorriilor*.  ete.t. 

4.  Biowennor  K c*e h re h .  Hio*en*or*.  the  *v*tem  of  ( >roup  B.  *how  pn>mi*e  of  the 
ahilitv  to  overeome  mam  of  the  objectionable  eharaeteri'tie*  inherent  in  the  tirmip  \ 
•  v'tem*.  but  thev  are  not  without  *eriou*  flaw*. 

In  oriier  to  elueitlale  the  argument*  for  biosensor*.  one  mu*t  fir-1  ilefine  tin-  term 
bio*en*nr  a*  it  applies  to  the  re*oarch.  For  the  piiqwi-e*  of  thi*  research.  a  hio*en»or  i» 
ilefineii  a*  a  *er»*or  element  lor  a  total  *en*ory  «y«trm|  which. either  con*i»t«  of  a  living 
organt-m  or  which  i*  an  in  vitro  application  of  -nine  life  proee**.  The  latter  ealegorv  em¬ 
brace*  *v-tem<  en; (  loving  ritzy malic  chemi*trv.  iiunittno-rnzv malic  teehnitpie*.  olfaetorv 
receptor  protein  utilization  *che,ne*.  ami  a  few  other  e\|>eriiiiental  appmache*  which  will 
not  lie  tli*eu**e(|  hen*. 

The  former  (in  vivo)  category  .  directly  address*-*  the  u*c  of  living  creature* 
which  are  in  xiltir  manner  sthicturallv  or  Itchaviorally  modified  (nr  Itolltl  to  *erve  either 
a*  a  sensory  element  or  a*  a  total  ileteetion  *v*tem. 

The  mo*t  jMipular  application  of  animal*  to  ilate  ha*  Ih-cii  the  u«e  of  lichav iorallv 
miMlifieil  dog*  which  have  demonstrated  a*loni*hing  |H-rformance  in  thoii*aml*  of 
iliM'iimenteil  te»t«  of  detection  emploving  a  variety  of  target*  »uch  a*  dnig*.  cxplo-ivc*. 
human*,  and  *o  on.  Uhile  dog  cave  |»erformed  extremely  well,  even  the  mo*t  dedicated 
bio*en*or  enthii*ia*t  mu*t  a'hnit  that  the  phra*e  "extremelv  well**  i*  an  ei.ci.aiium  which 
may  l»e  unde*erved.  since  presently  their  overall  |terfomianrc  leave*  much  to  lie  doited. 

The  ha*ie  objection  to  dog*  and  other  intact  animal*  which  are  Itehav iorallv  condi¬ 
tioned  to  detect  xmie  *ub*tance  i*  that  their  jterformarii-r  varie*  from  hour  to  hour  and 
from  day  to  day.  and  the  u*er  i*  never  certain  that  the  ultimate  |ierformame  i*  being  ex¬ 
tracted  from  the  animal  in  any  given  «earrh.  Thrrr  i*  no  rea*on  to  Itclicve  that  these 
animal*  are  always  willing  or  even  able  to  jierform  at  maximum  *en*ilivilv  ami  *|iecitiri* 
ty.  In  fact.  \rmy  canine  research  program*  have  demonstrated*  that  quite  often  a  hitherto 
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il(  |M-ml.il>lf-  animal  will  -mhlinlv  iIhmi-t  mil  hi  function  a>  a  detector.  ami  vet  then*  i*  lit¬ 
tle  nr  nothin-:  apparent  in  tin-  oh-erv rd  Ix-havinr  In  i  ml  irate  that  (hi'  hiii'eii'iir  i-  in  a 
"failnrr  m<x|e.“  Surh  failure'  have  hen:  ili'a-lrmi'  In  the  {mint  that  it  mi»iit  have  hern 
Ix-tter  In  have  a  I'anliuti'  human  -earrli  nr  *ome  dm*  hut  |wwiiilt  inure  de|iendahle 
hinM--i'nr  «\ *urh  a-  an  eii/tvnialie  tiriri'tur  in  prefcrem-l*  to  ihr  livin':  animal. 

in  view  of  ihrv  negative  a'|xr|>  nf  aniuia!  Ix-huvior.  tlir  aniiiuitril  ii-h-  of  Mich 
•\  »lnii'  Ini'  |x*rn  view  ill  a*  'ii'fM-rt  In  mam  |>uirnlial  ii'cr*.  Additionailv.  animal'  ma\ 
exhibit  Inlallv  unex|*vtrd  trail'  in  triiM-  >ilnaliun>.  'iirli  a>  nil  halllefield'  nr  ill  crnvvdnl 
area-  nr  where  the  geophv'iral  environment  i'  nini'tiai. 

If  lltrrr  were  mrtli>xl»  available  in  eliminate  the  effect*  nf  iiiiliffereiiee.  fear, 
ami  whatever  other  emutiun  might  eaii'e  failure'  in  |ierfuruiati«v.  then  animal'  might 
•'ell  lx-  the  i|»  leelnr  <V'lem  nf  rhniee  i:i  main  'Cellarin',  Certainly  there  ran  •  *-  no  valid 
argument  again*!  the  'latemenl  that,  fnr  explo'ive*  detection  *«*rv ice  in  «ueh  diverse  en¬ 
vironment'  a«  in  hmlditig'.  nil  urban  'tree;*.  nil  hridgr-».  along  railroad  Irark'.  in 
\ehiele».  in  airerafl.  in  liinnel>.  ami  *n  mi.  the  animal  with  it'  proven  ahilitv  In  ignore 
imi'l  rlullrr.  i'  the  I r—'l  all-pur|x»'e  explo'ive*  ileleetiull  'V'lrm  currently  av aiiahle.’ 

The  •eareh  fnr  a  melhml  of  eliminating  imi'l.  if  mil  all.  nf  the  iimle'irahle  a*|>eel* 
nf  iiilael-animal  'eii'or*  culminated  in  the  reM-arrli  program  which  i'  the  >nhjeet  nf 
I  he'i.  I). 


Kir-t.  it  wa*  neii*"«n  In  -dec!  a  'iiitahle  animal  t*re  paragraph  .». 
"IV'I  Subject*”)  which.  In  it'  nature.  would  nut  mauife-l  main  nl  |J.e  iimle'irahle 
ehararler  trait*  noted  alxivc.  Thru  it  »ai  Mere»*ary  tn  «l«-\ i~«*  a  -rheme  vvherehv  thi'  1 
animal  ennlil  Im-  imlitrrii  in  «.  i;.r  target  *oh*laiHV*  hlrirrl  explo'ive  effluent')  with  un- 
preeedenled  -inglene"  -of  purpu-e.  vdiiic  <il  toe  «jme  time  maximally  evini'io,.  it. 
natural  ability  to  ili>erimiiiale  the  de*ired  target  'iile-taaii*  ill  the  prr*enre  nf  extremely 
heavy  elulter. 

\  li<i'ie  a>'iim|ilinii  at  the  iniliatiuii  of  the  ren.-arrli  via*  that  the  ultimate  merall 
•» 'lein  |M-rfuriii.inee  would  lx*  all. mini  if  it  were  |xr"ilile  to  elueiiiale  the  pre*eiliii  of  a 
uui<,|iie  e*enl  in  the  enrfieai  neural  activ  it \  fanlicipalufv  evoked  >|M*etral  change.  nr 
\KS<  J  of  a  'iiitahlv  eunditiuned  'iihjeet.  following  tlie  inlnxluetiuri  of  explo'ive  effluent* 
into  the  air  proximal  to  the  'iibjerl.  Thi*  eniieept  ammtied  that  tin*  anticipators  event 
would  iMi'tir  a*  the  'iihjeet  emilemphilnl  earning  nut  an  u|M*ranl  art  of  annunciation 
which.  during  it'  training.  had  cvnfcd  a  highly  «lr*irahle  reward  when  the  target 


Im  r*rn  ,<|>|irnii h  ••|tial  •lrlr»<t*m  |ir4i.tl>il.lf  ■  *t»  4  -mgtr  "I'Uli  lw»“  »«ttW  rnjmfr  4  inmnlrv  arntt  m  .tni> 

I  hrtifi  «|  'tdriH*  «t  4ml  V  rf  iii.jItamaM'  nijdiidM  4fm«  lilt*  aieltilil'M,  IM  -nldltMM  In  Irtny  Im  rX|vtt*i«r 

r*r«  |m  -••NleMpUr  Inf  *rftMr  ti'KtW  »ff»  llkrlv  k  lim  Utyr  4tal  ^4**  In  k  nMMitrfwl  (inftalilr.  hfl'  »t'r  iff 

♦».  Ii|n«e«*nf*  null  4‘  tl*r  <«nmr  ndrim  t«4ni  rrfrltrf  4fr  rvd  InM'M'jlilt  utllr  f-ir  ik* -hnk»  t*nr  IN  •neh  «rn «*** 


5 


•nlt-lam-c  wa-  pre-cut.  II  thi-  event  (')iultl  In-  |ii  i  v  <m.i  1 1  \  iilt-iilifinl.  then  .ill  art  of  an¬ 

nunciation  (an  operand  oil  I  In-  pari  n|  I  lit-  animal  would  Imcoiih-  mincer— arv .  ami  the 
\KS(!  alone.  pro|M-rK  identified  hv  a  mirropriMc— or.  would  -i«nal  ill**  pre-cure  of  a 
larj;rl  -uh-lancc  with  log'll  r«- 1  i  a  I  >i  I  i  t  \ * 

<  Ihv  iou-lv.  with  the  elucidation  of  die  \KS<!.  there  would  c\i-l  a  firm  i >.i-i- 
lor  tin-  development  of  an  i*\|»lo-ivr-  di-ti-rtiou  -v-trin  which  no  d  an  intai-t  animal  (lint- 
n-i j 1 1 i ri 1 1 ”  no  elaborate  -up|»ort  >\>Ii-iii|  a-  tin*  -cn-orv  <-l#-nu-nt. 

It  -li< >11 1* I  not  Im-  inferred  from  the  forr"oin<;  that  tin-  unav  ailahilil  v  of  -ome 
form  of  Vi:SC  would  rt-ndi-r  -nil ;il»lx  traim-d  animal-  ti-elc— .  It  i-  ipiilr  fca-ildr  to  no* 
two  or  morr  -mall  animal-  in  a  |Mirtalde  device  wherein  each  animal  would  o|N*rantlv 
-i^nal  that  it  ha-  delected  a  tar-jet  -iib-tamc.  The  prohahililv  that  three  animal-  would 
-i"ird  a  I’al-e  po-ilive  within  lilt-  jH-riotl  of  |.">  -  or  »o  i-  -mall — jm>— i I > I \  0.1*1  or  le--. 
Therefore.  -m  h  a  »v»lcm  n-inj:  inajorilv  logic  dcci-ion  criteria  would  In-  m-arlv  a-  effee- 
l i \ t-  a-  a  -v»lem  n— ins  om-  animal  whit-li  delivered  an  \KS(!  to  a  microcomputer. 
However.  tin-  logi-tical  and  oilier  practical  con-idcration-  incvitahlv  lead  In  the  choice  of 
a  -ingle-animal  -\-tem  if  at  all  |m— ihle. 

a.  IV- 1  Subject*.  In  the  hroatle-l  i-n-r.  the  term  '"liio-en-or”  relate*  not  onlv  to 
lh<-  animal  and  vegelalde  I’hvlla  hut  al«o  to  the  xariou-  in  vitro  utilisation-  of  life  pro- 

It  wa-  Mere— an  carlv  in  the  conceptual  pha-c  of  thi-  program  to  narrow  the  field 
ol  eoii-ideratiou  to  emhraee  ool\  tho-e  Itio-en-or-  whieh  eouhl  -how  a  |H>ieniial  for  near** 
liilure  ut  1 1  it  \  in  a  detection  rr«carrh  program.  Kor  mi-  rra-on.  onlv  tiling  «en«or-  were 
evaluated,  alul  thi-  eate"or\  wa-  tod.  hlv  red  need  to  inelmle  onlv  the  animal  I’hvlla. 

Within  thi-  "rouping,  the  optimum  e’toirc  of  -nhjeet  wa-  not  clearlv  evident  on 
fir-1  eon-ideralion.  for  there  an*  re|H»rt»  in  the  literatim*  whieh  a-erilie  all  manner  of  -en- 
-orv  eapahilitie-  to  nearlv  , everv  ela—  of  animal. 

Since  the  re-eareh  program  wa-  mil  dr»igncd  to  Im*  all  invr-iigation  of  everv 
|mi— ihle  parameter  of  everv  eoneeivahle  hin-eti-or  »v*tem.  it  wa*  int*e— arv  to  e-lalili-h 
•  ertaiii  eriteria  prior  Jo  the  -elect ion  of  a  te-t  -nhjeet.  and  the  fir»t.  ami  |h»—  ihlv  the  nin-t 


ll  t-  fli.ijt-  |m**|iim  iiI  |o  !««•*•  if  fin*  lli.tf  virlit.illv  .nit  •nlM.imr  •  .in  i«-  lit*  l.ifg.t  -til»*l.ttta  t  I  In-  no-  *«| 

INI  in  tin*  fi»t  ,tt*  Ii  o |t«i-»lt»  i*  <|  Ii)  llo  *|tr«  tlt«  turil*  <t|  |lt«  I  '  \rttn.  nltnlt  -|«iit»4tr*  «|  tin*  okmII  jiri."t.tnt.  Im' 

V«  nt  let  .«(•  It  will*  >!*•"-  Ii.i*  *Iio«h  llt.il  I  In*  !*•«•  a*  .4lxr  ljt;rf».  •ihIi  a*  urum*  n,intitit  *.  It. imt £  mi*.  ,nt*|  *n  on 
m  *1  r»  -till  in  |ifi4t.iltilili*  •  ul  il<  litlioit  In  llt.il  ^oerieil  Willi  e\|t|iM||e«  if  |||«-  It -I  -mI>|>*>I-  .tit-  -llll.iltlv  If.llltt  tl 
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iiii|'Mirtanl.  rrilrrinii  had  In  dn  x.  itli  I !»#•  mndalitx  nf  drtrrlinti  |»ara"ra}tl'-  <r„  **\  On-"- 
limi  nl  Mndui.lx "l.  ^ii  rvlm-ixi-  elfurt  mi  a  |>rinr  jirii^raiii1  •u»"i>|nl  dial: nlfaitniii  xxa- 
tin-  mn-l  Miitaiil,-  mndalitx  In  .mn-idrr  I  nr  llii*  rt-'rarrh.  ami  iiiiinjiiinlU  i»tilx  tlliiM- 
animal'  xxhitli  in  i  It  I  In-  -Iiiumi  In  r\hil>il  ni.irm-inalii'  iliararlrri'lir'  «*rfr  iini'iilrrril  a* 
ramliilali  '  fur  iAjH-riinrnl.il  »ul»jri-|».* 

Tl»»-  i‘ii|mri  nii  iil  narruxxrd  the  lirld  nl  rnn-idrratinii  rat  hr  r  ifuuklx.  |{r|i|iit-' 
xwrr  ininirdiatrlx  rvhnlrd  «inrr  iln-\  a|>|»ar  In  lAhihii  hi“h  tor 

Imm.iiinrlir  raiiialimi  in  tin-  inframl  ri^imi.  Iml  llu-rr  na«  tin  1-viiiiinr  nf  n-malir 
•Arrllnirr. 

Mn-l  Inril'  lia\r  hi-rn  'hnxxu  In  <Aliiliil  mi  ma>rn-matii  trn»lrnrir-r  whirli  i'  mil 
-iirj»ri-i nn  *iinv  thrx.  a'  mail.  Iiaxt-  rxnlxrd  miiIi  that  xidnn  i*  tin*  dnmm.mt  'rn-r.  In- 
'i  rl'.  tlir  iinitiiix  \  iimiii  in  |i,irtirul.ir.  Iiaxr  lu  rii  'iinxxii  l«  r\ltiiiil  an  .i'lnnii4nim  nllar- 
Inrx  Tii'ilixilx  mi  tin-  nrilrr  n|  1 0* 1 M  iiml  frariinn.""1"  Iml  llii'  jyral  ilix  it v  a|>|>ari  iil lx 
i-  1 1 II I  i  I  III  dll’  ilrlrrtinll  nl'  1 1  it-  itnmhxv  Irtn.llr  >r\  jihrnniliillr.  III.  Iml.  llu-  rlrualll  iA- 
| M-r i iiit-nt ■>  xxilii  thr«r  innlli'  at  Max  flank  ln-liliil  failt-il  In  ikiiHiii'lriili'  llii>  lii^li  't-n- 
-ilixiix  Inr  anx  -uli'lanrr  nlln-r  llian  mir  '|M-rifir  |thrrniti»itr  |.dlimn»h  tlu-n-  xxa-  «ninr 
••x  idrnrr  nf  tinii'iial  '1‘ii'ilixilx  Inr  rrrtain  ntilririit»i.  SiiHi*  tliin-  x\a-  mi  rx  idrnrr 
axailaldr  In  imliralr  dial  anx  iii'i  rl  xmiiiIiI  1 1 1 * 1 1 1 .1  x  anx  iut>-ri->l  in  «r  rvtmttr  i >i I i x  ilx 
Inr  anx  iA|iln-ixr  'iili'lanri'.  lln-  inxrrlihralr  animal'  xx.-n-  ni'liiilnl  I' mm  M-rinn*  run- 
-iiirralinii. 

I  In-  'I’l  nnil  i iii | ii irt ;i nl  a  rili-rinn  rrlatrd  In  thrra«r  nitli  xxliirh  ill*-  ramliilali"  i-inilil 
In-  Irainril.  nr  i-iiiiililimii-il.  In  rrliahlx  |H-rfnrm  a  'jM-rifir  la*k.  I  Mnimi'lx .  llm-r  animal' 
w  Ii  it'll  |inxinii'lx  had  Ih-i-ii  'Iiiumi  In  in-  i-a-ilx  Irainril  ami  xxliirh  had  drninH'tratrd  lii«fi 
rrliahililx  in  firrfnrmin"  in  dn-  training  ftrnlnrnl  xxrrr  "ixm  |>rini.irx  rnii-idrratinn. 

In  lln-  rninhinrd  lailnr-  nl  iIh-m-  Ixxn  i  rilrria  Ini  In  lln*  -rlrrliim  nf  inainnial' 

.a*  dir  n|itimnm  rla~  nf  ■.»il>jrrl».  I  hrn.  il  xxa.'  iii-ri-"arv  In  m-I.-tI.  frnin  llti -  rtinriiinii' 

rla«.  lln-  Ih-'I  -nhjni  Inr  llii'  |iartiriilar  n-'i'an  h  |irn^r,mi.  \i-arlx  alt  inainnial'  a|i|i"ar  In 
rxhihil  marm'inalir  rafiahililx.  r\i-i-|il  lln-  nrilrr  nf  |irimalr-.  iKxrtt  in  llii'  nrilrr.  nnlx 
llmun  -.if lii-it'  i'  iml  rafiahlr  nf  fairlx  hi"h  n«nialir  '•-■■•iiix ilx  .1  Knrtlirr.  iini't' ntauimal*. 
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even  (box-  of  tin*  order  Rodentia.  can  lie  easily  trained  to  |H-rfurm  reliably  a  -treat  variety 
id  task*:  and  it  mu*l  lie  noted  that  these  creature*  appear  to  exereix-  some  remarkably  ad¬ 
vanced  reasonin':  in  achievin';  their  jierforniaiire. 

I  'util  verv  reeenliv.  there  have  hecn  no  attempt*  to  ipiantifv  the  limit  of 
x-nsitivilv  of  anv  mammal  to  a  -pccific  olfactory  stimulus.  The  reason*  for  (hi*  dearth  of 
research  appear  to  lie  lack  of  interest  (at  the  financial  level,  not  the  scientific  level)  and 
iack  of  adeiptaie  lalxiralorv  apparatus  with  which  to  measure  this  ipiantilv.  The  fate  of 
the  current  sensitivity  rex-arch  is  not  a  suitable  subject  for  *|ieculation  here,  but  the 
problem*  of  teehniipie  and  inslninientatioir  are  formidable.  and  some  time  mav  pa*s 
la-fore  incontestable  data  are  available  which  show  the  true  olfactory  sensitivity  of  anv 
animal  to  substances  manifestin':  low  vapor  pressure  (such  a*  TNT.  heroin,  etc.). 

In  the  interim,  the  mammal  must  lie  judged  by  the  results  of  careful  tesline 
a;:aitist  a  small  set  of  target  substances.  These  results  when  compared  |o  thox-  obtained 
by  any  other  detection  scheme  in, the  area  of  explosives  and. narcotic*  detection  (admitted¬ 
ly  a  somewhat  subjective  process  at  lie*t)  show  much  to  recommend  mammals  a*  biox-n- 
soi-*.  Spcciticallv.  most  of  these  animals  ap|>ear  to  exhibit  a  very  high  sensitivity  to  a  wide 
sjiectrum  of  target  substances  while  maintaining  a  relatively  low  falx-  alarm  rate.  Since 
the  terms  "very  high"  and  "relatively  low"  aie  subjective,  it  is  |>crtificul  to  state  that  in 
one  «eri<-,«  of  tf\ts  (in  one  research  program11)  do*;*  exhibited  O.'MI  probability  of  detection 
and  l  a  probability  of  falx-  alarm— an  excellent  |M*rformance  record  for  anv  detection 
system.  cs|«  cia!ly  <•'  view  of  the  fad  that  the  odorant  substances  wi-n*  contained  in  Army 
lard  mines  wliiih  are  waterproof  (and  ostensibly  air-tight)  devices.  One  mu>l  also  con¬ 
sider  «h.  fad  that  these  mines  were  buried  to  a  depth  of  at  least  3  in.  (lop  surface  of  the 
mine  to  the  average  surrounding  land  surface). 

An  enormous  body  of  non*s|iee:fie  (or  anecdotal) 'data  relative  to  mammalian  olfac¬ 
tory  detection  is  in  general  agreenu  ••  t  w  ith  these  results,  and  llie'x*  anecdotes  must  lie 
given  due  credence  as  a  selection  criterion,  especially  since  xi  little  truly  objective  data 
are  presently  available. 

Having  thus  chosen  (he  class  of  mammals  for  detection  service.'  it  remained 
to  choose  the  specific  animal  Iw-st  suited  to  the  research  program.  \  great  nil  tidier  of 
genera  and  sfiecies  of  animals  have  lieen  ux*d  in  experiment*  related  to  explosives  detec¬ 
tion.  as  Table  I  may  indicate. 


ViJ.iii.  K.  V.  and  |l.  I...  'Mine-lMniitii:  <atimr».“  Kr|M>n  I.  >.  \rnn.  MKH\lMO\|.  Kt.  Itclvoir. 
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Table  I .  Animals  Used  m  Fxplos'ves  Detection  Studies* 


Animal 

Number  Used 

Genus  and  Species 

Badger 

1 

Taxidea  taxus 

Coatimundi 

Nasua  nasua 

Coyote 

4 

Canis  latrans 

Coyote/beagle  cross 

Canis  latrans  X  Canis  familiaris 

Deer  (white  tail) 

Otlocoileus  virgtnianus 

Domestic  Dog 

H3 

Canis  familiaris 

ferret 

4 

Mustela  putonus  • 

Fox  (Red) 

4 

Vulpes  vuipes 

Hog  (  Red  Duroc)  , 

4 

Sus  scrota  domestica 

Javelma 

3 

Tajacu  pecan 

Miniature  Pig 

4 

Opossum 

3 

Didelphis  virginiana 

Raccoon 

4 

Procyon  lotor 

Skunk  (spotted) 

1 

Spilogale  putonus 

Skunk  (striped) 

T 

Mephitis  mephitis 

Skunk  ( hog  nosed ) 

1 

Conepatus  mesoleueus 

l  imber  Wolf 

4 

.  Canis  lupts 

•  I  \ I raulcd  trorn  I  S  Arin>  MIRAIX OM  Report  22)1.  “Mine-Detecting  Gininev"  dated  1  **7 7. 


In  addition  to  the  foregoing  -el.  the  l  S  \aw  ha-  exjierimented  extensively 
vv  ill)' Cetacea  (the  i>oltlfun-f  |iorpni»e|  and  other  marine  animals,  and  -everal  other  agen- 
l  ie-  ol  the  l  S  (and  -nine  foreign  government-1  are  currently  in-e-ligating  -till  other  mam¬ 
mal-  for  explosive-  and  nareotie-  deleetion  -erviee. 

\s  noted  earlier,  the  dog  has  been,  and  continues  to  lie.  the'  animal  mo-t  often 
-eleeled  for  deleetion  -erv iee.  The  eriteria  for  this  elioiee  may  In*  largely  ha-ed  upon  emo¬ 
tion  rather  than  rea-on.  -inee  dog-  have  niiuieroii-  highly  uiidesiralde  trails  and  very  little 
of  a  praetieal  nature  can  he  done  to  inerea-e  their  reliability. 12 

To  he  u-eful  in  mo-t  -earehe-.  the  deteelor  should  In*  inan-porlah!"  and  di-glli-uldc 
as,  -ome  ordinary  item,  and  this  operational  parameter  suggests  the  use  of,  a  small 
(  < .)(«(  g|  mammal  as  the  -en-ory  element.  I  his  animal  must  lie  maemsmatie  and  of  a 
genera  vvhieli  do*1-  not  evoke  -oeial  eomment  should  invasive  processes.  sueh  as  hrain 
electro-timid  its  lie  u-ed  in  controlling  it:  and  this  caveat  leads  to  the  inevitable  conclusion 
that  -ome  -mall  •'laboratory"  animal  would  lie  ideal  for  this  type  of  -erviee  if  it  could  he 
induced  to  function  as  a  sensory  svsicm. 


I  mlitiililrtllv.  I  hr  i  r  I'rrfornMtirr  mold  tw  v.»-llv  mi|>ruvr»l  liv  thr  tj«e*  nf  <-lfilnt.il.  firkin  -ttmulu*.  Inti  tbi»  jtrtuvtlurr.  ««r  form 

of  mvrf-txr  |»»-Im vtor^l  control  <11  thr  i  «*m*  uf  “ni.m  «  In-m  Irtend."  I-  |tr«4o<i«U  iin*rrrfn.d-l»  to  rHiitrmfmrar* 
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!l  i-  < l< -ill >1 1'u I  if  anx  .mim.il  r«- 1 1 iimir  mi  olfartimi  than  (In-  ral.  uhi-li  prolialiix 
ha-  -nr\i*nl  a-  a  iiiaiiniialiaii  nrtlrr  iar“rl\  licran-c  of  it*  marro-matir  t.i }  >.  i  i  •  1 1  i  I  % .  Ihr 
ral  -crk-  itiihT.  looil.  malr.  ami  ilmnirilr  fin  lli.it  nrilrrl  I >\  -mrll.  ami  tlirrr  i»  rxiilrurr 
lli.il  a  i!  ".l  ami  ilrafrnnl  ral  rail  -urxixr  for  Imi"  pi-riml-  in  it-  natural  rn- 
xirmimriit-n  fral  }  >r<  >1  >.<  I  >1  \  unnpialnl  mil-iilr  I  hr  onlrr  Kmlrntia. 

\i*  -  -.vitial  rrilrrion  In  hr  nirl  h\  ihr  lr-1  -uhjrrl  i«  iinil-lo-nnil  rrproiluriliilitx . 
\|r-l  -prrir-  of  ral-  u-ril  in  rr-rarrh  arr  iilra!  -inrr  a  trrmrmlmi-  ilrjjrrr  of  in-hrrnliii" 
ha-  rr-nlinl  in  -train-  whirli  arr  rrmarkahlx  alikr  Imili  -Inirlnralli  ami  rmtititniallx ' 

hollow  ina  thi-  lo"ir.  I  hr  ral  (ami  within  ihr  -|>rrir-.  ihr  Sprai'in-1  law  l«*\  -Irainl 
nlliinalrU  wa-  rlio-rn  for  (hi-  work.  Thr-r  animal-,  wlirn  ailnll.  arliirv  a  iiiavinniin 
wri^lil  of  ahout  at  Ml  a.  attain  a  hm'lx  lrn"th  of  ahmil  20  nil.  hair  a  rrlali\rl\  ilorilr 
nalnrr.  ami  rxiilrnrr  no  intrn-r  natural  Irar  of  tuan.  V-  in  ihr  ra-r  with  iim-l  Rmlr'ilia. 
ihr-r  animal-  r\hihit  no  alfrrtion  lowaril  or  flr|irmlnirr  ii|>on  human-,  ami  tlirrr  i- 
rrnrrallx  a  rrri|irural  rr»|>on»r  mi  tin*  part  of  Homo  -apini-.  Thi-  final  tailor  i-  of 
•iaiiifiranrr  «imv  -omr  mammal-  imo-t  nolalilx  ilo«-|  ohximi-lx  nrnl  rmotional  a-  well 
a-  -u-trntati\r  -upporl  from  man  iii  onlrr  to  lumtimi  a-  a  ilrlrrtion  -x«trm.  ami  I  hi-' 

•  Irprmlrnrr  rail  rau-r  -rriou-  prohlrin-  in  ilrplov mriit.  For  rxamplr.  if  ihr  regular 
hamllrr  i-  not  axailahlr.  mam  iln"»  ritlirr  rrlu-r  to  -rarrh  or  will  prrform  -o  poor  I  \  that 
anx  airrt  -igiiul  i»  -u-prrl.  ami  ihr  ilrlrrtion  prnhnhilitx  i-  imirtcrmmulr. 

Further.  thr  human  trmlrnrv  towanl  rmotional  tir-  with  animal-  i-  oftru 
iaimiral  to  ilrlrrtion  «rr\  irr  a-  w  ilnr— nl  h\  tin-  rrpratnl  failurr  of  iIiiji  hamllrr-  to  follow 
p'rr-i  ri hnl  rrwaril  rr"imrn«  in  \riux  tr-t-.  Thi-  prartirr  jirrhap-  -ati-firil  -omr  nrnl  mi 
thr  part  of  thr  hamllrr.  hut  it  ipiirklx  Ini  to  an  im-rra-ril  lal-r  aland  prnhnhilitx  ihiriur 
ln|ij!  tr-l  -ripirnrr-.  inrr  thr  iln<j»  -oon  rrali/.rii  that  tl  rrwaril  wa-  to  hr  offrrril  at  rarli 
airrt  -i”iial  r'rn  if  there' w a-  no  lar^rt  -iih-lamr  prr-rnt.  Tlirrr  i-  no  triulrnrv  towaril 
(hi-  improprr  rrwaril  -\mlrmnr  in  thr  ra-r  of  rat  hamllrr-.  ami  rat-  ilo  not  np|>ear  to 

•  ii-lini’iii-h  hrtwrrn  imlix  itliinl  human-,  -o  that  llirn  i-  no  exiiient  varianrr  iii  prrfor- 
mailrr  with  anx  linmlirr  of  ililfrrrul  lr»t  oprralor-. 

A  (Jue-tioii  .of  Modality.  I  hr  u-r  of  animal  hio-rn-or-  immnliaielx  rxokr- 
impiirx  a- to  thr  nalnrr  of  thr  -eu-nrx  prorr—  iuxol  .ril  in  ilrlrrtion  of  thr  target  -uh- 
-lanrr.  It  i-  not  a  -implr  matin'  to  ilrliur.  ami  min  i  ronlrovrr-v  cxi-l-a-  to  thr  exact 
nalnrr  of  thr  prorr—  or  priM-r— r-  at  work  in  tlni-r  autn  ah — princioallx  ilor. — which  have 
.ii  i’iimiilalni  a  Irn^lhx  |ierfiirmam’c  hi-tnrx. 

\  li»j}i  i|i  jin  ••  |iriwl«|i  ■  I  •  1 1'«  I  %  x»  ,i«  nli-itxiit  t  ijH’.iliill  x  iliiriri”  |lu  »«••!  toll  ,t«  xxilnr>-i'i|  In  flu*  -tKrt'x*  fillt*  uf  rlri-triHlr 
m|il.Mtl  .nn  I  In  I  In  !>• I».*\ ini.il  n  -nil-  Ninlli-  in  -.n.  lit*  ihm»*I«»-hiiiI  -it  m  I  ii.il  -iiiiil.irilv  .tlluw*  tlir  n\  atlnliU*  Mrrruiiixir 
■  I  tin  In.llM  (•••  r.ll-  !•>  In  llrotr  •{•l.tlliil  ll'.lll  III  ••lint  , IMMtl.il- 
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ll  i-  difficult  for  -nmc  oh-crsei  to  imagine  that  a  -eii-orv  moilalilv  other  than 
olfaction  i-  in  operation  *lurin<i  lot*  when*  there  an*  no  visual  chic-  di-ccrnable  to 
human-  ami  when-  tin-  target  emit-  no  -mind  evident  to  hninaii--.  lint  tin-  existence  ol  an 
unrccogni/.cd  -cn-nrv  inodalits  in  certain  animal-  iiiinl  In-  ace*  pled  a-  |m»- — tl«lt-.  if  not 
I i k«-l \  |s\itne—  tin-  recent  discovers  of  electrical  gradient  -cu-or-.  in  -ome  fi-ht.  \t  pre-enl. 
iiowi-M-r.  there  i-  ah-olutels  no  current  scientific  basis  for  «urli  a  prcmi-e  in  tin-  ca-e  of 
mammal-.  One  might  -peculate  that  mammals  mas  hast-  a  magnetic  -cii-ors  moiialits 
'imilar  to  that  demonstrated  in  pigeon-,  hut  nnnt-  of  tin-  lr-1  data  available  to  date  in¬ 
dicate  that  ans  magnetic  anomalies  are  caused  Its  the  pre-cnee  of  a  -mall  aiiiounl  of  pure 
cxplo-ise  of  ans  tspc.  Nor  i-  there  ails  deteetalde  electrostatic  inftueilee  exhibited  l>s 
llie-e  -lib-lance-.  In  short.  no  electromagnetic  di'tiirhame  can  In-  attributed  to  llie-c  par- 
tienlar  cla--e-  of  lc-1  targe!  -iib-lancc-  Its  -lale-of-lhe-art  instrumentation.  but  then,  in 
tno-l  eii-e-.  -tale-of-lhe-art  phs-ieo-chemical  instrument-  eaiiiuit  deteet  target-  sshieh 
animal'  ean  readilv  loeate. 

The  argument-  Insuring  olfaetion  a-  the  det-<tioti  inodalits  are  realls  not 

inueh  more  pcr-ua-isc  than  tlio'e  sxliicl-  elueidale  the  likelihood  of  -nine  ms-teriou- 
inodalits  to  which  liuniaii'  are  not  prisv.  Iloweser.  the  balaoee  of  current  opinion— and  it 
ean  only  In-  opinion — -cera-  to  fasor  olfaetion  a'  the  dominant.  if  not  the  only.  'en*ors 
modality  ti'cd  bs  e\plo'ise>  detecting  animal  bio-cn-ors.  and  tin-  rc-ea reh  ss a'  'Iruetured 
accordingly.  The  performance  of  the  ti-'t  rat'  appear-  to  attest  to  the  salidits  of  thi- 
premise.  'inee  the  tC'l  'iibjeet'  readily  detected  the  pre-cnee  of  TNT  vapor  in  the  ambient 
Iti-'l  cage)  air.  and  yet  they  were  at  all  time-  pliv-icalls  removed  from  the  te-l  odorant 
suh-tanecs  by  at  lea-1  l.f>  m  with  the  only  eoueeivable  communication  between  thc-iib- 
jeet-  and  the  target  -ub-tauee  being  a  contained  air  -Iream  ilireeted  from  the  odorant 
-ub-tanee.  Thi-  fact  argues  strongly  for  the  -ingle  detection  inodalits  of  olfaetion.  at  lea-1 
in  the  ea-e  of  rat-. 

7.  Olfaetion.  A  physiologist  add  re— ing  a  group  of  medical  students  sva-  once  heard 
to  define  olfaetion  as  “the  vacuum  of  physiology/"  This  is. an  apt  definition  as  is  evident 
after  a  few  hours  of  cursory  examination  of  the  reference  material  yited  in  the 
bibliography.  The  literature  of  olfaetion  exhibits  a  striking  contrast  to  a  similar  samplin': 
of  the  works  related  to  visual  physiology.  The  texts  dealing  with  olfaetion  are  highly 
sjieeulative  in  nature  and  tend  to  offer  little  concrete  evidence  as  to  the  nature  of  the 
neural  processing  of  this  chemical  sense,  whereas  anv  current  text  in  general  physiology 
will  define  the  visual  system  iu  great  detail'  morphologically,  anil  may  even  delve 
somewhat  into  the  subjective  nature  of  thi-  visual  experience. 

Homo  sapiens  cvidcutls  made  a  collective  evolutionary  "decision"  to  adopt  vision 
a-  it-  dominant  sensory  inodalits.  and  thus  vision  liccamc  critical  to  species  survival, 
while  hearing,  at  least  in  modern  man.  is  much  less  significant  to  survival:  and  olfaetion 
and  gustation  are  hierarehieallv  far  Ih-Iow  audition  iu  survival  significance. 


'flu-  order  of  survival  significative  in  man  is  also  the  apparent  order  of  research 
significance,  and  thus  the  relatively  minor  knowledge  of  the  physiology  of  olfaction  is 
understandahle.  hut  none  the  less  disturbing  for  those  scientists  involved  in  biosensor 
detection  system  research. 

There  is  little  merit  in  incorporating  a  profound  discussion  of  the  current  know¬ 
ledge  of  olfaction  in  this  report,  hut  a  few  observations  may  he  jiertinent  in  view  of  the 
fact  that  the  research  team  collectively  presumed  olfaction  to  lie  the  modality  of  detection 
listed  bv  animal  biosensors. 

There  is  much  controversy  concerning  the  absolute  sensitivitv  of  animals  to 
odorant  stimuli.  One  philosophy  holds  that  animals— at  least  macrosinatic 
animals— jwissess  an  inherently  greater  receptor  sensitivity  than  that  of  man,  while 
another  (icrsuasioii  suggests  that  the  basic  sensitivities  of  all  mammals  are  similar,  but 
that  a  vast  difference  exists  in  post-detection  signal  processing. 

Those  who  embrace  the  concept  of  inherently  greater  receptor  sensitivity  point 
out  that  the  olfactory  mucosa  in  macrosinatic  animals  is  far  greater  in  area  (when  cor* 
reeled  for  body  size)  than  that  found  in  humans.  They  note  the  presence  of  the 
vomeronasal  .epithelium  which  adds  to  the  total  sensory  area  in  animals  (this  Organ  is 
vestigial  in  man),  and  finally,  this  group  notes  that  the  ratio  of  the  mass  of  the  olfactory 
bulb  and  the  mass  of  the  related  neural  structures  in  the  cortex  and  limbic  system  to  the 
total  non-olfactory  cortical  mass  is  far  greater  in  lower  animals  than  in  man.  The  prin¬ 
cipal  contention  of  this  group  is  that  the  greater  mucosal  area  equates  with  a  greater 
probability  of  capture  of  odorant  molecules  at  a  receptor  site,  and  that  this  fact  alone 
could  account  for  the  apparent  divergence  in  sensitivity.  Some  proponents  of  this  concept 
argue  that  since  olfaction  is  vital  to  survival  in  many  mammals,  the  process  is  further 
augmented  in  these  species  hv  receptor  sites  of  superior  sensitivity  at  the  molecular  level 
of  environmental  interface. 

Certainly  one  cannot  argue  the  points  of  morphology.  The  ratio  of  olfactory  neural 
.  stiucture  mass  to  total  cortical  mass  is  indeed  greater  in  marrosmatic  animals  than  in 
man.  and  the  receptor  site  area  is  certainly  relatively  larger.  However,  there  is  currentlv 
no  conclusive  evidence  of  superior  sensitivity  at  the  level  of  the  receptor  proteins  of  infra¬ 
human  mammals.  In  fact,  there  is  no  universal  agreement  as  to  the  nature  »nd  function  of 
the  actual  receptor  sites,  and  thus,  arguments  as  to  the  relative  sensitivity  eceptor  sites 
are  somewhat  specious  at  best. 
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Ju»l  a*  there  is  mi  accepted  model  for  an  olfactory  receptor.  there  i-  al-o  no 
agreement  as  to  the  nature  of  an  odorant.  Over  the  past  century,  several  prominent 
physiologists  have  attempted14'2*  without  success  to  classify  odors.  Suur  scientists  have 
tortuou.'lv  argued  that  as  few  a>  four  l>a.»ie  odors  could  account  for  all  known  olfactory 
sensations  in  man  since  there  are  supposedly  only  four  basic  gustatory  stimuli,  and  vet 
man  can  identify  thousands  of  individua!  taste  sensations.  Other  opinions  have  argued 
that  there  are  unlimited  stimuli,  each  of  a  different  nature,  which  somehow  react  w’tl.  a 
set  of  (possible)  identical  receptor  proteins  in  such  a  manner  as  In  produce  the  variety  of 
observed  sensations. 

The  second  philosophy  noted  above  has  little  relative  concern  for  the  exact  process 
(>f  stimulation,  and  holds  simply  that  the  receptor  mechanism  is  most  likely  the  same  in 
all  mammals,  however  it  functions,  and  hence  all  should  exhibit  the  same  sensitivity  ex¬ 
pressed  as  a  mol  fraction  at  the  receptor  site.  Thus,  man  •*.nd  other  animals  max  be  equal 
in  ability  at  this  point  in  the  olfactory  system.  If  this  is  true,  then  the  hasi  difference  in 
the  ability  of  man  and  macrosmatie  animals  to  detect  and  define  an  odorant  11111-1  lie  en¬ 
tirely  in  the  nature  of  the  post-detection  signal  processing,  Cain3*  has  elaborated  an  ap¬ 
pealing  simile  w  herein  he  likens  the  ability  of  macrosmatie  creatures  to  detect  and  iden¬ 
tify  smells  to  man's  ability  to  visualize  in  a  cube  and  then  to  rotate  this  cube  so  that  a 
mental  inspection  of  all  possible  aspects  of  the  cube  relative  to  its  imagined  en¬ 
vironment  is  made.  An  animal  may  well  have  the  ability  to  examine  an  olfactory  stimulus 
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iii  t h i-  ad-tract  manner  and  1  >\  thi-  menu-  in  exclude  all.  nr  nearlx  all.  extraneou-  input- 
(rum  llif  ambient  enxironmcnt.  Dr.  Tain  |m*-i «iiat«*<l  dial  -iich  ab-tractiou  max  !«•  dir  prie 
|»-r  function  of  dir  larue  olfactorx  neural  -x.-tem  found  in  maori i-malif  aiiiiu.il'.  Thi-  con¬ 
cept  alloxx'  a  rational  explanation  of  the  o|>-crxed  functional  aliilitx  of  animal-  (o  di-lfrl 
one  -jiecific  -uli-iaiiff  in  die  mill-’  of  xa-dv  more  prevalent  odorant-.11  I’o—ildx.  dirn. 
exm  die  liuiulilf  ral  po--e— e»  an  ahilitx  for  al»-lrafl  thiukiu»  in  olfactorx  Ifrni-  xxliirli 
human-  cannot  it-adilx  imagine. 

8.  <  ondinoned  Behavior.  Thr  phra-e- "conditioned  liehaxior"  i-  fr**«|ii«*tttl>  n-ed  Ii\ 
'fifiiti-t-  lo  ilffiiii-  a  learninu  jiriM'f—  ihroimh  which  an  animal — lie  it  xxorm  or  man — t  an 
lie  cau-ed  to  <!f\eln|i  a  -pecific  pattern  of  lM-haxior  in  re-pon-e  to  a  -jiecific  -ft  of  -limuli. 


In  the  fart’  of  con-iderahle  di-pule.  Rciw  I )e«c  artf>.  in  I66T.  f-|Mni-fil  the  then 
revolutionary  concept  that  every  art  ion  of  exerx  orcani-tn  i-  the  neec— arx  if-nll  of  the  ap* 
plication  of  -i line  external  -tinniln-.  Two  centime-  later  in  1898.  K.  I..  Thorndike 11  liecan 
the  fir-t  recorded  -eientifie  inxe-ti^ation-  of  the  re-pon-e  of  xarioti-  animal-  to  en¬ 
vironmental  -limuli.  Shortly  after  thi-.  in  1907.  I.  I\  I’ax lov ”"u  al-o  hejian  to  invc-littut*' 
the  reaction  of  animal-  lo  controlled  -limuli.  In  the  Id20-  and  I'hdO-.  Thorndike'-  work 
v»a-  expanded  hx  S.  Miller  and  J.  hanor-ki  in  r  ranee  and'  hx  8.  K.  Ski»iiicr,''"‘"  in  the 
Tinted  State-. 


Iliorudike  originated  a  protiM-ol  which  i-  termed  "in-trumenlal  condilioiiiu"""  In 
-ome  authoritie-  and  “o|N*rant  conditionin':''  bv  other-.  Tin-  work  of  Skinner  in  llii-  area 
i-  lia-ieaMx  an  elahoratiou  of  the  pioneer  effort-  of  l  horndike.  ami  die  term  oiH-raut  con¬ 
ditionin',:  xxa-  appareutlx  introduced  h>  Skinner  in  lO.'lH.*1  Since  thi-  term  i-  [lerliap- 
more  popular  in  current  terminology,  it  will  Im-  u-ed  throughout  thi-  rejxirt  with  the  ex- 
plieii  under-landing  that  it  i-  totally  interchangeable  with  the  term  iii-lriimenlal  eoudi* 
lioniii,". 
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*  i-omlilioniii"  i'  #'\rmpiifir<l  In  on#*  or  rhr  ■  •  xjnrimriil-  of  I  k»- 

\»  hr  rr  ,i  ilim  u  •i'.uiiimI  I"  i|m*  from  .1  “|>nz/lc  Intv’’  itt  nr*l.  r  In  oliluui  a  innr-rl  of  fomi 
.Kid  t fit-  rouipuuiou-hip  of  In-  fi  ilou  lahoratorv  animal-.  I o  *>r*l>-r  in  r«rapr.  ami  ihu- 
urhir'r  il-  ri-waril.  tin-  aiiini.il  u.i-  rri|urinl  lo  jwrfnrm  niw-  a<  f — an  <>|mtjiiI — m  il  a- 
prr— iit”  a  Irwr.  pulliii”  a  roril.  or  nirrrh  a  ifoor.  \n  og##*ruii(  ( li«*ti  ilia'  I ►>*  « It— 

fnn-il  a-  a  roml jiimifil  rrailion  lo  an  «-»t v iroimifiil.il  -niimln- 

f  f|M-ranl  rrailion-  "huh  li.ni*  Imtii  n*jw*al**«f  mam  lino  -  uftimatrk  mav  I prr- 
forinfil  uillioiit  1  on-rmti-  iliou^lil.  1  lif  -iuijiif  .nf  of  imliuk tit;:  a  i|o*»r  "lulr  laikiiif  or 
t In-  ,n  l  of  ilrii  iiio  an  aiiloniolnli'  our  a  familiar  'milf  whilr  rx»n<|friii“  -oinc  prohlrm  an* 
fM'fllfiit  f \uniplf-  of  f ul I \  foiulitioiifil  ojuraul  Iwlianor. 

\-  l lit-  tifiiral  pafh"a\-  wliirh  mulrol  iln- ofo  raul  rr-pnti-  -  Ihioiiii  firniK  r-lah- 
li-luil.  llif  ihrr-holil  for  flirilina  (In*  nix-runt  Irliaiiii''  i-  mlrnril  ^nallv  mer  t ii.it  r\- 
i-l  1 1 1  o  ,,,  |!„-  in jiia I  trial-.  Thu-  fin-  ra-r  of  «lri»  ill"  a  whirl#*  ovrr  tin-  familiar  jialhu av  -  lo 
ami  from  «ork  ln*roiijc>  If— ami  If—  « l«* mamlni"  a-  a  «-#»u««  imi-  • rilili ,  a-  f » «■  r\  roiiitiinlfr 
k  1 1  o u - .  I  lif  llm  -liohl  ol  - 1 1 11 1 1 1  i  1  ilroji-  lo  -nrli  a  Irwf  (fiat  tfi#*  folal  -lifimlii-  iii|nil  max 
no!  ri’.ifli  llit*  foii-fif  11-  |«-\ »-|  at  all  linn*-,  a-  «*x  i<lfll«*«*»f  h*  llu*  oft  loan!  -lulnuriil.  "I  iloii  1 
nail'  n  iinnilifr  1 1  «•  ilrixr  lionn*.  In-fan-#*  I  mi*  Inn  prrorr  tipinl  unit  .  .  ,  I  In-  -utur 
fiitfiioiin  non  inn-1  al-o  a|>|>!'  I"  tin*  lf-1  -nlijrrt-  of  tin-  ••\j»rimnil.  lull  thru  "•>-  m>  al¬ 
ii  •  in  ji|  lo  ■  |  nanl  if '  I  hf  •  in  in  1  in  uni  If  wl  ol  olfarforx  -litinihi-  uhhli  notil.l  <•  \  okr  llu  <h  -11  ml 
In  li.nior  in  \|nTifiifftl  rat-. 

I  hr  u ork  of  |*.i\lo\.  "Iiifli  origin. ilfil  in  hi-  •  xix-rimml-  in  < I i n#*-t i \ pro# 

■  Im  iilalml  an  fiilio  l'  ilitf#,rnit  Iraminn  prmr—  "huh  rrtinir>  <1  nolliiii“  ol  tin-  animal 
Iml  il-  1  on-fion-  -lalf.  \  familiar,  rxamplr  of  |lii»  form  of  f«#riililioiroi“  1-  ili«*  n  -poo-.  -.1 
,rliini"r'  animal  lo  lit#'  *|f|il  or  -nifll  of  fimtl — i.f..  il  -ali'.it#*-  111  prrparafmu  lor  -lion 
ol  lllf  I . I. 

,  \  ipif-.'nui  mu#  an-f-  a-  lo  «hnli  of  lln-««*  form-  of  tin1  h-aruinu  f\p<  rii -m 
1-  iln  1 1  ion ■  •  in poi  I.111I  lo  1  hf  animal  »o  inin lit ioiiml.  I  f  on#- »  on-ulr  r-  llif  1  a-f  ol  .1  *••■<  a  I  !■  * 
\.  1 1>  I  .11 1 1, in.  if  1  m  -  Ini"  iii  il-  natural  hululuf.  thru  ninTaiit  i  oiiihlmuuin  1-  (hf  lumi  on  pm  ■ 
laul  •in##:  llo-  form  ol  Irariwi"  "ill  proliahK' #l«*l**rmim*  ill#* -ur\  al  «if  tin  auimal.  Iln 

'  ino-t  . noon  r \uniplf  ol  iln-  prrnn-r  1-  tin*  ««*;:.rh  for  l#«nl.  \»i%  «» ilil  animal  "  lit#  li  ha- 

-111 »  n  •  1 1  1 0  l.fn  '  1 1  a-  In  1  11  roil#  III  miifil  lo  r#*urt  to  tin-  -i"hl  or  •m«*ll  of  ,1  f  oml  1 .11  ;  1  I  I  •» '  a 
.11 11-  ol  mol  mu-  io|ni  anl-i  w  liit'li  will  1  It'll  wr  fo###l  lo  ill#-  mouth.  In  a  ill  n  i  pa  I  nui  ol  lio- 
1  vi  11I  ii  •  1 1# - 1  .1  1  at  alionl  I'o  poiini  f  on  a  iiiiuim  I.  nilfii-ivf  -ah'alioii  011  111-  I •  * ■ 

n  .nln  -  'In  ompliai  v  n\  lor  I  lit*  lir-l  »li*p»  of  iii'f-lioii  of,  iln-  fo#n|.  I  hi-  -all' almu  1-  a 
pillm  1  \  in  |i|r  of  1  I.1--0  ,ll  1  ollillf lolling. 
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Ill  thi*  particular  wildlife  •wenario.  the  !ftc*capuhlc  rniiclu-ioti  i*,that  oficr.tnt 
ennditioninn  i.  vital  to  *urxival.  wherca*  the  cl.t**icai  coirditioiiinn  .crv c*  hn-icallv  a-  a 
eonvenieiice  in  the  aeceptani'e  of  the  fir-t  food  mor»c|.  and  thereafter  thi*  learning 
paradinm  *.«  <>f  -ceondarv  »ij;nificaiiee.  \*  $  vrwikeau  -tale-.  "Ft  *ecm*  plau*ihlc  that  in 
nature  cla**ical  reaction*  *cr\e  to  -jet  the  animal  rea«l>.  amt  thu*  facilitate  the  jx-rfor- 
mance  of  iu*trutncntal  reaction*.” 

Thi*  theorem  i*  exemplified  in  human*  hv  the  aiitonoinie  re*ixiii-e  to  a  finhl-or- 
flinht  *iiiiation.  »uch  a*  the  approach  of  a  *in»tilarlx  unfrieiidlx  doe  durmn  a;<  othcrwi*c 
[leaceful  re|H>*»*  in  a  relaxed  environment.  \n  infant  mav  exhibit  little  or  no  re»|<on»e  to 
the  *narline  animal  »ince  the  infant  ha*  not  !>cen  conditioned  tne\|«ect  a  |»er*oiial  a»»aiilt 
from  the  ev  idrtice  pre»ented  hv  the  *inht  and  *ound  of  the  ho*lile  diij.  v»  liile  an  adult  w  ho 
ha*  learned  of  the  |M>tential  con*eipienee»  of  *uch  an  encounter  i*  faced  vvith  the  option  of 
finhlinn  off  the  dost  or  of  running  awav.  In  the  adult  ca«c.  cla*»ieal  ennditioninn  evolve*  a 
reaction  in  the  *vmpathetie  nerxnu*  »v»tem  which  nlea»e*  catacolainine*.  dilate*  the 
pupil*.  increa*4‘»  *keletal  ii:u«cle  hlixxl  flow,  and  »o  on.  and  tin*.  rc|x»n»c.  in  turn, 
facilitate*  whichever  operant  rc*|>mi-e  follow*  the  encounter. 

Thu*,  in  *ituation*  when-  the  vnrviv.il  of  the  individual  i*  at  -take,  eertainlv 
o|M-rant  condition  inn  i*  the  dominant  traininu  protocol.  Hut  'dilation*  do  ari*e  where 
cla**ical  ennditioninn  i«  of  nreat  value  to  the  individual,  t  tf  the  m.inv  example*  |x>**ililr. 
onlv  that  pre*cnted  hv  the  iu*iant  re*eareh  will  |w*  explored. 

( ioii'ider  that: 

a.  \n  animal  ha*  I  wen  trained  to  a«*oeiate  a  *en*orv  -tiumlu*  with  the  opporlnnilv 
to  achieve  fhv  an  operantt  an  extraordiiiarilv  profound  »en*ation.  *neh  a*  eleetrie.il  hrain 
•timulii*  thl$S|.  which  lr.in*eeiid*  anv  normal  n'e*ire»  (he  animal  ha*  exiH-rieueed  to  date 
and 

h.  Ilie  prev  ion*  op|Mirtiiuitv  to  effect  *<lf— limul.ilioii  ha*  Inin  removed  and  onlv 
the  *cn«orv  -limnlii*  remain*,  and 

e.  I  he  ullra-dc.ir.ihlc  KHSindiieed  *en*.ition  will  ;i|ie;ir  »n/v  if  the  animal  i* 
capable  iif  niainfe-tmn  a  eertain  hrain  wave  (hM.t  pattern  iiiiiriediatelv  follow  inn  the 
*en*orv  -t i m ii lit*. 

t  « « a  n  k  a  %  I  h*  \|*.  I.  **««.*»*»  of  (  oiKhii.rfwiI  ikiijtior  k  •  ritn  ai  look  al  t  Iw  11m  noiiiriia  t>f  I  uiidi  imitfij. 

'  I  I  IniiHa*  '(*Mlif  In  l*'.  Ithn.ai 
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Should  llii»  t\|M’  nf  hM»  .inm-al  nrrtir.  tfir*  rffrrt  i-  a  <i.t-'i.al  n*arlinli 
1 1 v  drf  initimi.  -un  i-  mi  uw-rt  ai  l  mi  tin'  |iari  nf  llir  animal  ha«  lakm  plan-.  I  hi*  |in‘«fnii' 

•  if  an  f  H.  rli.ni^r  wlin  li  i»  iinlir.iliM'  n|  an  anliripaltmi  nf  tin*  mi|>*-ndiii"  rmaril  txunld 
inn* i  (irnlialilv  In-  a  rarrx-nxrr  rr.n  limi  Irnin  tin*  n|M*ratil  paradigm  x*hrrt*  thr  antiripatnrx 
iii’lliTii  i.iiim’iI  (In-  animal  In  rffrrt  lln-  n|M-ranl  xthirh  Mould  firinj;  almiit  (hi-  rrnard. 
>tur*’  lln-  iirt-M-ni-r  nf  lln'  i  la—iral  i  midilimiin*'  rraiiimi  umtlil  of  it-rlf  Ik*  •nffirii-nt  In 

•  In  it  lln-  ili-»ir*-il  rrxx aril,  t hi*  i  l.i'-ii'.il  ri.ntimi  Mould  thru  I**  n,iu(iini,il  ami  Mould 
Ihviiiiii-  inrn-a'iiiiiK  iimri-  rxidriii.  \l  ihi'  (Hiinl.  tin*  hrrrtofnrr  iitxoliiularx  rl.i"tral 
ri  -|Min-i*  i  i n 1 1 1 1  l»*  xirxxrd  a*  xnluutarx.  anil  urn*  mav  rmirfiidr  that  miiM-inti*  i-nn(rni  nf 
aiilmiimiif  fiuniinii  li.i-  m*i  iirrml. 

I  '.**rl .tin  1% .  llifri*  i-  ani|ili*  f\ iili-in-i*  in  tin*  lili-raliiri*  ilfalinn  with  hinfrrdhark 
i*xin*rinn*iil*  ilia!  I  with  rl.i"iral  ami  n|n-raiil  rmnlilinninn  ran  rffrrt  aiitnimmii-  rfMMin-f*. 
l  ln*  im|inrtani  (mini  Iiiti*  i»  lli.it  whilr  rla--ii  il  rmiditiniiiu*'  max  imt  In*  a  -urxixal  fartnr 
fur  lln*  lf-1  -n|. ji  rl.  il  a»* iiri-i ll\  Ini'  a  trrnn-mlmi'  U  h.n  mral  impart  in  ri'iiain  'ilualimt- 
whrrr  a  ilf'in-il  n-'iill  i-  In  In-  niitaim-il  without  xuliint.irx  phx»iral  .n-tinii  mi  lln*  part  nf 
tin-  'iilijiil. 

Ihi«  rf'|niri»*-  In  rmniitimiin^  i-M-niplifii-'  llir  nfl  'tatfil  roiirrpt  that  rxrrx 
a. lull  I  mil  l  .mniiu  nlual  i-  a  rrralurr  who«r  i  iimlilimiin^  i-  apprnpriatf  fur  it'  'iir* 

xixal.  ami  ihi'  . ns  i-  .1  i  nmpli-x  mixlnri-  nf  rkt"tral  ami  n|M-ranf  paradism-  in* 

ilmfil  In  lln-  i-n\ irmiim-ril  in  which  'urxixal  niii'l  m-fiir.  Manx  Iw-liavinral  *«*irnli'l»  prn- 
fi"  dial  lln-  i-nx  irminifiil.  a»  inli-rpri-li-il  hx  lln-  “i*m*lif  makeup  nf  thr  irnlixiiln.il.  affect' 
dial  imlixitlnal  In  «urh  an  i-xli-nl  dial  if  max  nlliiualflx  In-  pinm-rlf"  In  'ha|M*  ii>  mm 
ili-'lim.  While  lli i«  max  rml  In-  cmupletclx  Inn*  in  manx  iri'l.iini*' — a-  nidi  man — il  rrr- 
l.iinlx  ap|«-ari-il  in  In*  trm-  in  lln-  ra-c  nf  dn-  'tihject*  nf  dir-  ex|M*riinc»it.  »xl»ii-|i  '1-1*1111-11  In 
In'  rnmpli’tflx  iniahlf  In  react  prnjn-rlx  fur  'iirxixal  vxln-n  sixni  dn-nplimi  nf  imli*finiti-lx 
aihii-xinn  tin-  ri-xxard  nf  lirain  i*li*ftn»'limiilii'. 

,f.  \  <  lioir-r  of  St imiilu*.  In  a  program  dr»isnrd  In  n-t*  a  lixrns  organi-iu 

a-  a  Inn-i  ii'iir.  lln-  i*x|M-nim*iilr*r.  Iiaxms  clio'cn  lln*  |r-*l  'ulrjrct*  ami  tin*  s*‘licr.d  rmnli- 
limini"  paradigm,  nni'l  tillunali-lx  ««*l»-i-t  tin*  reinforcement  - 1 1  ■  ■  1 11 1 1 1-  which  i»  nn  >-t  ap- 
pinpriali*  In  lln*  rr'f.irrli  effort. 

Imliallx.  a  ilffi'imi  nni'l  In*  inarlf  a*  In  whether  In  om*  rewarding  nr  ax**r*ixr 
'I  mull,  nr  hIii*|Ii«t  »r>nn*  mix  nf  lln*n*  Inn  lia«if  fnriit'  max  In*  ln*«t.  There  ari*  'mnnl 
argument*  in  faxnr  nf  carli  nf  thr*c  antagutii*l  fnrni'  nf  reinforcing  *1  trim  I  i.  Imt.  at  lln* 

■  i  m  lii'imi  nf  fxlfii'ixc  reading  from  lln*  luhliographx  malr-ri.il-.  ami  alltT  lliillirmii* 

■  li-<ii"imi'  with  |nr»mt'  actixrlx  c\|H-riiiien|jiig  nidi  rat*,  it  h,i*  determined  that  then* 
vxnnlrl' In*  nn  fX|W*rniM* iii.il  adxantage  ,if<-niiii|!  frmn  thr  im*  nf  anx  furm  nf  axr-r'ixt* 
•limnlii'. 
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I  ll*-  iniinhcr  < •  I  | >< . —  1 1 » It-  rcwardmu  -limiili  arc  few.  food.  water,  ami  elei  trica! 
-( t m n 1 .11  >n  <>l  the  hr. mi  clcarlv  emerged  a-  the  onlv  fca-ihlc  te<  hniipte-.  Much  ha-  hern 
written  nf  llie  n-c  of  food  ami  water  rcw.ard-  in  the  ea-e  of  rat-,  ami  eertainh  the-e 
rewanl-  arc  -implc  to  ini|ileinent  in  eoni|iari-oii  toeleetrie.il  lirain  -tiinnlalion.  However, 
there  are  certain  ha-ic  di-adv anla<:r»  to  the  n-i-  of  -n-lcutativc  rewanl-.  fn-t.  the  animal 
inn-1  In-  ni.iinlaim-il  in  a  -tale  of  deprivation  for  a  eon-iilerahle  |H-rtod  prior  tn'tlic  actual 
e\|wriinenlal  work  if  thi-  reward  |w  aler  or  foodri-  to  have  ttiaxiin.il  effect  a-  a  reinlore- 
i»"  -linnilu-.  and  tin-  deprivation  i-  not  without  adver-e  pin -iolouie.il  -eipiillac.  which 
in. n  In-  -even-  enough  to  alter  the  -en-oriuni  and  or  the  normal  eoioliotial  -\itu-  of  the 
-uhjeet.  therein  hi.i-iiiu  (lie  e\|M-riniental  re-ull-  in  an  uncertain  manner  and  to  an  in¬ 
determinate  decree,  h nrtlier.  a-  the  e\|x-riment  procre— c».  the  pirviuii-lv  deprived  animal 
uraduallv  wiH  achieve  -olio-  decree  of  -.illation,  ami  therein  the  elfeetivilv  ef  the  nutri¬ 
tional  reward  i-  dimini-lied  In  an  unpredictable  amount.  I.ikcwi-c.  a-  normal 
pin -iolouieal  parameter-  are  rc-lorcd  from  the  deprived  -tale,  there  et  rtaiulv  will  lie 
alteration-  in  liehavior  which  are.  attain.  iudefifiahle. 

MIS  i»  ipiile  another  mailer.  It  i-  difficult  to  implement  -line  delicate  -nruerv  i« 
required.  and  there  i-  a  l  oolinuinu  ri-k  of  irreparahle  dam.iue  to  the  -uhjeet  -lioithl  the 
-timulii'  electrode  Iteeome  di-lod"ed.  lint  the-e  di-adv anlatte-  are  far  outweighed  In  the 
re-iilliuu  -tahilitv  of  |M-rformanee  ami  the  iulen-itv  of  -limiilatioti. 

Since  there  i-  no  pln-io|o“ieal  «>r  emotional  deprivation  of  am  kind  either 
ueec—arv  nr  de-iralde  with  Mi>.  the  animal  nut  alw.n- lie  maintained  in  a  normal  -title 
of  homeo-lali-  with  the  cou-cipiciicc  that  there  i-  minimum  variance  in  it-  -cn-orv  and 
emotional  |M-rformance  from  hour  to  hour  ami  from  dav  to  dav .  f  urther,  and  mo-1  iuipor- 
l.inllv.  the  decree  of  -timulation  attain. tide  In  MtS  i-  -iguificntitlv  more  pronounced  than 
that  obtained  with  nutritional  rewanl-.  ami  the  overall  effect  i-— a-  oh-erved  hot  It  dunii" 
thi-  e\|M-rimenl  ami  during  iii.mt  other*  re|Nu1et|  in  the  literature— an  e—  enliallv  eon-taut 
ri--|»»n-e  to  the  reinforcement  -limitlu-.  rejjardlc—  of  tin-  |H-riiMl  of  -liiaul.itiou.  Thi- 
phenoiiiiu.il  cou-tanev  w.i-  oli-erved  even  when  hoinen-la-i-  failed  <lue  to  -elf-imhieed 
tlepriv alioi:  and  extreme  laliuue. 

I  lien-  are  n-ference*  in  the  hihliouraphv  which  -how  that  in  all  of  the  infra- 
human  mammalian  -pccic-  lc-led  to  dale,  there  are  one  or  more  an'.t*  in  the  hr. tin  where 
an  electrical  -timulii-  will  evoke  the  apparent  -eu-atton  of  extreme  plea-lire,  ju-i  a-  there 
are  area-  where  eleetro-limulu-  will  evolve  fear,  ratic.'complaiencv.  hunger,  anorexia,  and 

»o  Oil. 


IX 


Jai  a  pioneer  m  tin-  area  of  -liiniilation  of  tin-  lirain. 

pnhli-heil  a  -erie-  ol  paper-  hi  flu*  mi.l-IM.'tO-.  which  dealt  -pc.  ifirallx  txilh  llu*  role  of 
l>r. tin  -tin  illation  in  hchaxmr  niodil Nation  in  ral-. 

\  -Unix  o!  tin*  work-  nl  t  Mil-  all. I  o.hor-  l«*a«l-  to  tin-  <oiii  ln>ir>ii  (ami  on,  iim-t 
ailinit  a  <lc"r.*»*  of  -nl •  i v  i t \  in  the  interpretation  of  tin--,-  xxork-i  that  electrical  -lnmil.i- 
lioii  of  a  certain  ani[ililmlr  ami  duration  applied  to  -jN-i  itii  region-  of  tin-  I i in) ,i)-  >\-t,*m 
of  ino'l  infra-liiiinan  ni  .1  in  in.*  I-  re-nll-  in  tin  <’Mi«>tional  -late — (wrfiaji-  it  i-  |ili*a-iirr  or 
|H*rlia|i»  it  i-  nmlcfinahl. — which  tran-,'i*ml**  till  m.rmall*  rtnhed  ''motional  -fair-. 

I  hi-  phenomenon  i»  « |  m  l»-  pronounced  in.  I  In*  ral.  a«  riiiliiiml  la  the  repeated 
oh-erxalion  In  mam  hi”hl\  ipiilific.i  re-earch  worker-.  (Mil-  ami  other-  han*  renealeilK 
ilemon-iraleil  that  rat-  will  emliin*  jreal  phx-ical  ili-tre—  te.“..  -,*x,*re  fool  -hock.  hiifh 
noi-e  lexeUi  to  aehiexe  -.  If— liinnln-.  ami  there  are  .lociini.Titc.l  report'  of  animal-  xxhu  h 
liaxe  ilieil  of  dchx.lration  to  aehiexe  -elf—liinulti-.  exeu  llmmih  ample  water  -npplie-  tax 
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ju-l  l»-xond  reach  <>f  the  -timulu-  treadle.  Mo-l  rc-earcher-  agree  that  a-  a  rulr.  nothing 
.hurt  of  or  lo—  of  miH  iiuHifw  Mill  deter  a  raf  from  it-  at t*‘tn | »t -  at  LBS  -elf- 

-limidatioii  ulii-it  -m  il  opportunitx  i-  pre-cut. 

I(  i-  conccix  aide  to  human-  that  (hi-  remarkable  re-ull  ol  limine  -timulatioli  •  an  Im- 
in  am  manlier  axcr-ixe:  therefore,  one  mai  arctic  that  it  mii-t  l»-  an  "ultimate  plea-tire" 
ami  for  thi-  rea-oti.  the  region  of  the  hrain  where  eleetro-timulii-  rail  produce  llii-  effeel 
i-  railed  the  "plea-lire  center."'”  Morphologicallx .  thi-  area  xarie-  -nine  what  from  -jieeie- 
lo  -|H*eie-.  hut  in  general  the  effeet  i-  oh-erxed  to  oernr  with  -timulatioli  in  the  general 
area  of  the  lateral  hx pothalamn-. 

It  wa-  iii»’  ,*ee— ar>  to 'expend  '»iv  exjierimental  effort  toward  locating  the  optimum 
-ite  for  K Its.  -inee  the  work  of  Old-  and  Milner*1  III  l‘>."»l  determined  the  -ite  for  the  mo-l 
elfeetixe  po-itixe  reinforcement  in  rat-  to  la*  the  Medial  Kon’hrain  Handle  (MHl|.  (S-e 
figure  l.t  Old-  and  Old-*1  clarified  the  location  hi  -fating  that  .  .  electric  -hock  'aje 
plied  to  |Miint-  in  the  Po-tcrior  Medial  Korelirain  Bundle  (MKH)  region-  of  the  lateral 
Itx |Hitlialauin>  produced  xerx  Ini’ll  rate-  of  rc-|M>uding  ill  verx  low  lexel-  of  -timitla- 
tion  ...  it  -reined  that  maximum  effect-  (highc-t  rate-  of  -elf— timulatioli  n‘-|>onding) 
eon  Id  lie  obtained  in  thi-  |m-trrinr  hx|M>thalamir  region  with  minimal  lexel-  of.-liniula* 
lion  a-  compared  with  effect-  obtained  cl-cw here  in  the  central  nerxou-  -x-tcni." 

\  conlrarx  xiew  »a-  taken  l*x  \  alen-tein  and  t  lampltcll*’  who  argued  that  extreme 
le-ion-  induced  in  the  MKB  did  not  lc-« en  -elf— timulatioli.  ami  that  -cptal  -timulatioli 
wa-  a  more  elfeetixe  |»o«ti\c- reinforcement  KBS.  ^  ilkin-oii  and  Pcale**  dent  m-truled 
that  KBS  inlrmluced  into  I4)  -ite-  in  the  rat  prmlueed  a  po-itixe  n’inforccmcnt  n’-|M>ii-e. 
with  the  I M'-t  n-ulf-  oli-erxed  from  -timulatioli  in  the  Po-lenor  Lateral  llx pothalamn-. 
Other  author-  cite  -ueee— fn!  |M>-ilixc  n’inforeement  in  xariou-  -i*e»  in  the  mammalian 
iimhic  -x-tem.  hut  tlie  general  eoii-en-n»  ap|M*ar>  to  faxor  the  Po-lerior  Medial  Forelirain 
Bundle  a-  optimal.  It  i«  intere-ting  to  note  that,  while  there  i-  -nine  di-agn eluent  anionj; 
n’-carclter-  a-  to  the  location  of  the  optimum  plea-ore  center  -ite.  no  icfrlrrncc  could  lie 
found  which  referred  to  the  MKB  a-  a  -ite  of  jio— ilde  negutixe  n>iidorcemciil  (axer-ixe 
-I i in ii I <1- 1  utile--  the  -limtilaling  current-  were  tpiile  h;  a  I  i  tlii-  la'ter  ra  e.  one  would 
-ii»|M*ct  that  h it'll’  current  -timulatioli  would  re-inl  in  ^nificanl  -liiiuilu-  ciir.  nl- 
machine  area*  -ueh  a*  the  medial  geniculate-  and  other  ‘halamie  nuclei,  which  luixe  I  well 
•liown  to  generate  uegatixe  n’inforeement. 

1-1  I  Mti*.  J..  "I'li  .l>ttrr  I  •-iilcr*  *i»  llw  liraifi.  ”  \t»  <  ,«m  !•♦"*  JHVlfnl'lVit. 

^  *M.|.  J  .uni  MiIim*  I*.  I*1  Miiiic  K*  Milo..ru  •III  I’t  ^Imnl  In  I  In  Ipi  aI  Ninittl.ilinH  »»f  VjiIjI  \fra  <ttnl  lllher  K«*£hhi» 
"I  K.it  Mr.itn  '  Journal  •  oHt|Mr.ii|*e  hn*m|o{iMl  I’.  ■o|o(t  IT .!!*•••  T 

I,  t 

I  if, |.  \|  |  .iii.I  Mill*  j.  "Mini*  «l  ill  Medul  kort-liram  on  Vll’dimiiUlinM  M*r.“  Vmefit'rfti 

joiirn.il  of  |1i«»to|o^  JIT  l.'*i  Mil  t  l*U^M.  < 
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MEDIAL  THALAMUS 
-VENTRAL  THALAMUS 


POSTERIOR 


VENTRICLE 


MTRir,  f  \  POSTERIOR 

piikiul  \  MEDIAL  FOREBRAIN 

\  BUNDLE 

POSTERIOR 

HYPOTHALAMIC  NUCLEUS 

Figure  1.  MFB  end  landmark  structures  in  the  vertical  vtereotaxic  plane. 


>  i  I II  I  III*  lra-1  I M  ill- 1 1 1  i  .1 1  fur  |iliV'iult>"ii-.il  iLiiit  .1  ir«-  ori-tir-  al  I  III*  lowr-1 
•liiiiul.iliil^  'linen1',  .uni  ~ i i n tin-  Mi  lt  -rrmrd  (u  arrr|i|  tin*  m'.ltr-l  l.itiliuli*  u! 
•timidatinu  t  in  l  i  nt-.  tlii-  -ile  m;i*  rho-rii  fur  ail  ~nliji*i-|~  ii-i-il  in  tin*  r\|irrimriil  nmlrr 
di-ru—  imi.  I  In-  . i i  i'i •  1 1 1 .1 1 1 ii-  I. ililinli'  | n i —  i lit \  |ii  rmil|i'i|  ~it«-i-i — - fill  i in | if i-i n<- 1 il <i I i •  >i i  ul  tin* 
I  I Is  i'll  rlrmli'  in  a  "rralrr  iiumbrr  uf  -ubjnt-  than  hiii-  would  r\jirrl  with  nllii'r.  linin' 
i  riiii  al  -iir-., ami  llii-  »a-  .i  -i"iiil haul  I'lin-iili'ratiiin.  -inrr  -min' iTrnr-  nf  implant  wriv 
I  h  n  i  in  |  iii  iii'inr  r\  i'ii  tin  mull  tin'  -nliji'i't-  mauifr-trd  a  lii"li  ili*"ri*i*  ul  iinit-lu-iinil  -Inn- 
tili'al  .ii;ii  i  inriil. 

I  In-  \aliilit'  nf  tin-  In  lii'f  would  a|i|n'ar  In  In-  m  t  ini  In  tin'  fai  l  llial  lirlti*r  than 
•HI,  MTi'riit  nf  all  ini|ilanl-  ri'-nllnl  in  an  arrrptablr  li*\ i-l  nf  |in-iti\r  r'iuforrrmrnt  with 
mi  I* %  iili'iii'i*  nf  am  a\i'r«in'  rr-|>on»r-.  allliuu»li  tlt«*rt*  wrrr  tun  in-lanri'-  w  I n*n •  a 
it i \ nrlniiir  -riiurr  a| >| >i';i ri*i I  with  a|'|iliralinn  uf  KBS.  I  hi-  lallrr  c;w>  wrrr  ln*lii'\nl  In 
rr-nll  in  mi  ilaniaui'  In  I  In*  niuliir  rnrtr\  nr  tin*  inlrmal  ra|i-nli'  whirh  nrrurrril  ilnrini:  ini* 
[iianl  -iirefn. 

Sinn'  llii*  niUjor:H  nf  known  data  nt»  dir  rffrrt-  uf  brain  rlri'lru-liinnlii-  ii:  human- 
i-  ilirin'il  friim  I  In*  aiKrntitiuu-  a|i|iliraliutt  nf  -nrh  -liiiiiilalinu  during  lirian  -nr*ji*r\ .  ,it 
i-  nul  -nrpri-iiie  dial  rrlathrK  liltlr  i-  known  uf  it-  i-ffi'ri-  mi  | In*  liiiiliii-  -\-trm  nf  man. 
\\  i  irk  i-  |irni'i'i'din«  -fun  K  in  llii-  ari'a  fur  nti\  inn-  rra-un-.  and  I  In-  rurri-nt  limitation-  uf 
infiirinatimi  |iri'rlud<*  r\trn-i\r  rnni|»ari-uu-  uf  llii*  rffrrt-  uf  animal  brain  rlrrtro-limulu- 
uilli  dir  Imiiian  i'\|H'rii'iii'i'.  bill  in  dir  li"lil  uf  all  atailaldr  rxidrnrr.  unr  mu-1  i-unriudr 
dial  llirri'  i-  mi  linmaii  rnrrrlatr  lu  tin*  I'liiutiunal  rffrrt-  whirh  brain  rlrrlrn-litiitilu- 
iirtirralr-  in  I  In*  |dra-nrr  rrnlrr  nf  dir  -u-rallrd  limiT  animal-.'"  Il  i-  |iniutlr— .  dim.  In  al- 
I < ■  1 1 1 1 it  tu  iindrr-land  dir  nalnrr  uf  dir  mnuliun  rr-ullin»  frum  tlir  |iartii‘idar  rniiditiniiiii" 
-lininln-  n-ril  ill  llii-  -rrir-  nf  r\|M'riniriil-.  but  tin*  i  i  idrnrr  nf  llii-  rr-rarrli  indiralr-  dial 
KBS  ri'|>rr»rnl»  tin*  mu-l  rffrrlKr  Im-Ii.in inral  runditioniu"  -linuiln-  fur  iiifra-liiimaii 
mammal-  m*|  riiruiuilrrrn. 

IO.  <  onre|>t-  of  Klt>eirn<*iir<-|tliHlo£rnf>ity.  I'lii-  r\|>rriiiirnl  ntili/i  d  tin*  nrural 
-i  tin  a  I  -  ilurma  ll\  idrnlifird  a-  rlrrlrornrr|tlialo:'raiii  -i"iial-.  lull  llii-  di-ru— inn  will  nul 
rxti'ii-iirlv  I'lnbrarr  riirrrnl  llirurir-  a-  lu  thr  nailin'  uf  tllr»r  -i^nal-  -inrr  llirrr  i-  «u  I i 1 1 It* 
known  in  llii-  iirra  dial  a  major  di-ru— inn  would  aiimiml  lu  hirrr  -|triulalioii  (a-  wa<  thr 
ra-r  with  iilfarliun.  Thu-  only  I  In*  mu-l  ba-ir  a-|M-rl-  uf  t  In*  -uhjrrl  arc  treated  lirrr. 


Ilfdlh  I-1V  I’lra-nrr  HI  lUht\mr"i  rrjN.rirtl  that  -timufaftmt  in  ihr  rt  srnm  of  human  -titij«*t  |«  tv-nlli*-!  in  jiliM-aht 

■*■«••••* .  •*  "f  Itring  rt  mt  I .  nidi  ami  a  ilr-irr  fttr  rrjM*ai«*<t  -tiin,il.4 . »-  Iht-  .mlhi.r  al-n  iu.I.'.I  lhal  -limiilalio.t 

«.f  ih**  nt-iral  h\ jxahaiatnii-  rr-uhrtl  in  aimrlt.  »hilr  -limulafutn  »f  lh.<  uml.tl  .Imn.rj.h.il.m.  ilw  n»»tr»l  nu  *«*iMf |>halit- 
t**gM»** mIiivm.  an«l  ll»«*  r«»-iral  hiji|MN-am|>ti-.  rr-iiltt*tl  in  -tage*  <»f  r\trrm«*  f«-ar  «»r  ratt*. 


M  am 


There  i-  little  a“rrrmrnl  among  cleclrurucrphalographrr*  a-  In  the  source  of  t lie 
surface  potential*  which  comprise  the  KK( ..  .mil  there  i*  no  agreement  on  I  hr  location  of 
lor  even  |  hr  existence  oft  a  rrnlral  KKti  |iarrtnakrr.  It  is  eertain  that  I  hr  KK4»  electrode* 
ii'iil  in  this  experiment  picked  1 1 1 >  thr  summed  aelivilv  of  a  great  iiiiiiiImt  of  neuron* 
lllirrr  arr  ahont  \  10*  neuron*  |»-r  -quarc  millimeter  of  <-ortiral  Mirfarrl  at  various 
depth*. 

I  )f  llir  mam  theories  \\  liicli  attrni|it  to  r\|ilain  thr  signal*.  two  ap|icar  to  iloniinatr 
tin-  litrratnrr.  One  ronrr|>(  claim*  that  thr  a|>iral  dendrite*  and  axon*  of  rortiral  neuron* 
ronlil  not  rontrihnlr  signficanlly  to  thr  KKO  since  thr  small  diameter*  of  these  structure* 
wonlil  |»rrrhnlr  large  ion  current*  in  thr  rxtrarrllnlar  fluids,  ami  hriirr  thr  dipole* 
for  inn  I  wonlil  hr  wrak  signal  source*.  However.  according  *o  thi*  lltror\.  thr  action 
potential*  generated  on  the  «oma  at  thr  axon  hillock  arr  ra|>ahlc  of  large  ion  current 
release.  Thr  -onia  »pikc  i«  small.  however.  atlil  KKh»  have  lieett  recorded  when  uuc«the*ia 
|irrclnilril  cortical  axon  firing. 

Thr  other  iloniinant  throry  i*  essentially  thr  comroi'.  ami  claim*  that  apical 
dendrites  of  thr  pyramidal  cell*  arr  thr  basic  sourer  of  thr  KK(».  Since  most  of  thr 
pyramidal  eel!  I  iodic*  lie  in  cortical  layer*  III  and  V.  the  resulting  dendrite*  arr  long  and 
could  hr  rffriii\r  dipole*.  Suite  research  tram*  claim  that  thr  K K< .  i*  the  rr*nll  of 
|Ni*t*ynaptic  potmlial*.  hoth  excitatory  and  inhibitory.  develo|ted  by  thr  pyramidal  cell 
*oma  and  dendritic  projection*,  and  there  i*  »otnr  evidence  obtained  from  microeleetrude 
comparison*  of  cortical  cell  signal*  with  surface  wave  activity  which  tends  to  support  this 
latter  concept. 

Thr  existence  of  a  pacemaker  which  might  at  least  tend  tie  synchronize  the 
Excitatory  1*0*1  Synaptic  Potential  (KI’SP)  or  Inhibitory  Post  Synaptic  Potential  (IPSP)  of 
the  pyramidal  cell*  ha*  not  hern  established  unequivocally.  Some  evidence  exist*  that 
would  indicate  spontaneous  cortical  rhy  thm*,  w  hile  other  evidence  argues  for  an  external 
source  «omewhcre  above  the  rostral  eml  of  the  brain  stem.  The  thaiainti*  has  Iteen  sug¬ 
gested  in  :hi*  latler  insJance  as  a  likelv  locos,  hot  this  rationale  is  largely  based  on  sheer 
*|Mo*i{lation. 

Thus,  little  of  significance  to  the  program  was  gained  front  a  rather  extensive 
review  of  the  literature  of  electroencephalography.  It  is  not  |»os*ible  to  suggest  a  source 
for  an  VKS(i  in  the  light  of  current  knowledge  ami  it  is  not  reasonable  to  presume  that 
further  thought  could  suggest,  a  more  optimal  approach  than  that  taken  in  this  research, 
since  nearly  all  know  ledge  of  the  ciatire  of  the  EE(J  is  Pm  sjieeiilative  to  lie  considered  in 
the  category  of  scientific  fact. 


11.  KK(>  Electrode  Site*.  Since  one  of  llie  objective*  <if  this  experiment  wa>  the 
elucidation  of  an  anticipator)  evoked  spectral  change  in  the  KK<»  of  the  conditioned  sub- 
jects.  it  is  apparent  that  one  of  the  more  important  preliminary  considerations  was  the 
location  of  suitable  KKCJ  electrode  sites,  it  was  evident  that  the  liesl  system  *ignaI-to*noi*e 
ratio  could  he  attained  hv  use  of  din'd  indwelling  cortical  electrodes  at  appropriate  sites, 
hut  (hi-  solution  necessarily  implied  that  suitable  locations  wen'  known  a  priori.  Ole 
vioitslv.  this  was  not  the  situation,  ami  thus  the  use  of  cortical  microelect rodcs  was  con¬ 
traindicated  because  of  the  very  small  area  of  neural  tissue  which  would  tints  lie  supply¬ 
ing  KK(»  signals.**  (iro**  indwelling  cortical  electrodes  with  an  area  of  1  mm*  or  more 
were  excluded  Irecausc  of  mechanical  problems,  such  as  co*1«’al  abrasion  or  avulsion, 
which  would  cause  widespread  necrosis,  with  consequent  signal  loss  ami  possible  brain 
dysfunction. 

After  due  consideration,  it  was  determined  that,  while  gross  electrodes  were  best 
for  the  purpose,  a  supra-cortical  location  would  be  ideal,  since  this  choice  would  allow 
for  some  limited  diffusion  of  the  cortical  KK(»  signals,  resulting  in  cortical  signal 
coverage  over  several  square  millimeters,  and  it  would  greatly  facilitate  the  implant  pro¬ 
cedure.  while  at  the  same  time,  greatly  reducing  the  risk  of  trauma  and  infection.  Conse¬ 
quently.  an  epidural  location  was  decider!  upon  and  only  the  choice  of  appropriate  site 
coordinates  remained. 

It  appeared  that  a  parietal  location  might  lie  significant,  since  an  electrode 
at  this  site  could  he  positioned  to  detect  signals  originating  in  the  centra’  -social ion 
areas  posterior  to  the  central  fissure.  If  the  anticipatory  event  was  a  prelude  to  a  motor 
event,  then  this  location  might  evidence  the  highest  signal  level,  although  the  diffuse 
nature  of  associative  signals  was  known  to  he  a  problem  from  preliminary  exjierinients. 

At  least  one  electrode  responsive  to  limbic  system  activity  was  desirable,  but 
these  areas  lie  generally  well  lielow  the  cortex  (about  6  to  8  mm  in  the  rat).  The  best  loca¬ 
tion  was  determined  to  Ik-  directly  above  the  cingulate  gyms  and  as  near  to  the  sagittal 
fissure  as  possible.  An  electrode  so  |>osiiioned  would  assuredly  pick  up  signal  originating 
in  the  frontal  lobes,  as  well  as  from  the  motor. areas  anterior  to  the  centra!  fissure,  and, 
unfortunately,  it  would  pick  up  muscle  artifacts  resulting  from  eve  movements  and  from 
motions  of  the,  nares  occurring  during  sniffing.  Nevertheless,  in  a  brain  as  small  as  that  of 
the  rat.  there  are  only  a  few  choices  of  electrode  location,  and  the  eletrode  referred  to 
hereafter,  as  the  cingulate  electrode  was  placed  in  the  closest  site  attainable  with  simple 
stirgery. 


T!»»*  mmj»II  area  *»f  signal  rolled  «*«  would  mjiiin-  hundred*  of  trial*  tiring  thousand*  ot  *uhjrrt*  in  order  In 

<lrtnnti*irale  die  «.tHtttiutii  luralinti.  Sirli  a  ta*k  wa*  U*\ond  tin-  *«-n|ie  of  tin-  re-r  an  It. 


\ 
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After  determination  of  two  principal  sites.  it  wa»  determined  that  one 
electrode  location  was  feasible  in  the  occipital  area  even  though  this  zone  was  thought  to 
!h-  a  somewhat  unlikely  location  for  iimhie  signals  to  lie  detected.  In  all  honesty.  this  elec¬ 
trode  was  included  in  the  experiment  because  there  w  as  space  available  at  no  appreciable 
added  risk  to  the  subject  and  since  there  was  a  remote  possibility  of  some  serendipitous 
result.  The  final  electrode  locations  are  shown  in  the  sketch  of  Figure  2.  The  appropriate 
brain  structures  served  by  the  three  EEG  electrodes  are  depicted  in  Figure  3. 

The  location  of  the  indifferent  electrode  evoked  considerable  thought  since  any 
location  |s  less  than  ideal.  Muscle  artifacts  ran  generate  serious  KEG-  anomalies  ami 
greatly  upset  signal  data  analysis  so  one  must  choose  a  location  as  free  of  large  muscle  ac¬ 
tion  potential  signals  as  possible.  The  electrode  must  lx*  sufficiently  distant  front  the 
signal  electrodes  so  that  the  return  pathway  is  not  proximal  to  the  signal  pathways.  Fur¬ 
ther.  the  electrode  site  must  he  structurally  capable  of  accepting  the  electrode  with 
minimal  danger  of  accidental  dislodgemenl.  and  certainly  the  site  must  be  such  that  the 
electrode  poses  no  threat  to  the  survival  of  the  subject  in  the  event  of  electrode  motion, 
(lotisidering  all  factors,  the  iiasion  was  chosen  as  optimum,  or  more  realistically,  as  the 
lesser  of  all  evils. 


II.  METHODS  AM)  MATERIALS 

12.  Stimulus  «»nd  EEG  Electrodes.  A  survey  of  available  devices  evidenced  the  fact 
that  many  of  the  commercially  available  electrodes  wen*  unsuitable  for  chronic  brain  im¬ 
plant  service  since  either  the  materials  used  were  toxic  to  neural  tissues  or  the  electrode 
dissolved  so  rapidly  that  the  implant  would  not  survive  to  the  service  life  exjieetanry  of 
the  biosensor  animal.  I  llimatclv.  the  choice  was  between  platinum  anil  stainless  steel.67 
Stainless  steel  was  selected  in  spile  of  its  rather  high  drift  voltage  because  it  w  as  available 
in  manv  standard  forms,  because  it  was  relatively  inexjiensivc.  and  liecausc  it  is  known  to 
caiise  little  tissue  necrosis  in  chronic  implants. 

Delgado6"  reported  that,  after  several  months  of  chronic  electrode  implant, 
necropsy  disclosed  dial  a  thin  glial  capsule  hail  surrounded  the  stainless  steel  electrode, 
but  that  there  was  no  evidence  of  local  excitability  exi*ept  at  the  exposed  end  of  the  elec¬ 
trode.  Further,  there  yvas  no  local  or  general  irritation  and  no  neural  degradation  Iteyond 
the  direct  path  of  the  electrode.  Uooper  ami  Upton**  noted  that  in  human  cases  of  chronic 
cereliellar  stimulation  for  periods  up  to  5  years,  there  was  no  clinically  evident  distur¬ 
bance  or  significant  tissue  damage. 

Kd*M  j»I it! iiititii  |  MM  I  awl  »liiitilr»  «|erl  h HI  rtrtrtlialU  t-jwniJK  if  Mimtifn*  «*um*nlw  i**<f*«*«l  |tt  nitlli.im^H-rvs. 

^  lb’lg«nli».  j.  M.  K..  "'Mn*ra|N*»itir  Mr«  tjirammrtt  Sfiinulatimt  «f  ih*  I  train  in  Man.”  In:  >*»•*•!.  fc.  If.  fr«t|  Nrtm*w«rpiraf  Trcatiiirnt 
in  M«%r|iiair*.  Main,  amt  K|til<>]i«i.  t  nw*rwit%  Mark  Mrr**.  Kaltinmtr  |l*#77b 

M  .  .  ....  < 

(itHtjier.  I.  S.  ami  l  jdtm.  \.  K.  M..  ”1  <r  uf  ( firnnir  4 icrrlirllar  Slimiil»l<<«H  f«r  HiMtnirn  nf  hivinliiliilittn."  bitnl  .VEWiOOi  W7H). 
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V 


BREGMA  SUTURE 
LAMDA  SUTURE 


NOTE:  SCALP  IS  RETRACTED 
FOR  SURGICAL 
PROCEDURE. 


SAGITTAL  SUTURE 
RETRACTED  SCALP 


IDENTIFYING  EAR  CLIP 


1  =  OCCIPITAL  ZONE  (EEG) 

2  =  PARIETAL  LOBE  (EEG) 

3  =  CINGULATE  GYRUS  (EEG) 

4  =  MEDIAL  FOREBRAIN  BUNDLE  (EBS) 
R  =  NASION  (INDIFFERENT  ELECTRODE) 


Figure  2.  EEG  and  EBS  electrode  sites  (trephine  locations). 
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PARIETAL  VIEW 


Figure  3.  Parietal  and  Sagittal  views  of  EEC  and  EBS  electrode  sites. 


IV  -peeiiie  -timiilu-  t  KB>)  eleetroile  <  -ho-en  wa**  a  Teflon-in-nlaled.  |0-mii 
diameter  twi-ted  pair  munufaetnred  li\  1'la-tie  l'rnihiel».  Im-..  wliieh  hail  performed  v» *-{ I 
ill  llii-  i'\jwrin)rl)l'  of  other  re-eari-her-  who  empluxed  ehrnnie  indwelliii"  lira  in  eleetriMle- 
in  rat-.  I'hniiixhiiut  I'hi-  rr-eareh  program.  there  wa«  mi  evident-**  nf  phv -iologirul  defied 
re-niting  from  the  proper  u-e  of  thi-  eleetroile. 

I  lie  f.B''  eleetroile.  the  indifferent  eleetroile.  ami  the  l\K(»  eleetroile'  were  eon* 
neeteil  to  the  appropriate  iii-trumentalinii  throii^li  the  -o-ealted  -kulle.ip  eonneetor.  Thi- 
umiieetor  mi-  not  all  that  one  nii«hl  de-ire.  -i nee  it  utiii/eil  a  threaded  matins  eonneetor 
wliieh  often  required  extreme  torque  for  removal.  However,  of  all  available  eonneetor' 
'iirveved.  thi'  wa-  the  mo»t  rugged  and  noi-e  free,  and  hundred'  of  hour'  of  iw  atle-ted 
to  it*  reliahilitv. 

Motion  of  the  KBS  eleetroile  rail  oerur  *hould  the  eleetroile  -kulleap  eonneetor 
abduet  from  the  .'kull:  therefore,  extreme  eare  wa-  taken  during  -urgerx  to  a*'iire  a  firm 
bonding  of  thi-  eonneetor  to  the  -knit  i-ee  paragraph  13.  *“Si»rsii«*al  1‘riM-edure'"*).  In  thn-e 
in-lam  e'  where  the  eap  loo-ened.  there  en-ued  -eve re  brain  trauma,  il-liallx  resulting  in 
epileptie  -eiznrr.  often  with  aerompanv ins  ataxia  and  hi/.arre  U-havior.  The-e  -ulijeet- 
were  euthanized  -inee  earlv  exjMTiment-  evideneed  |iermanent  neurological  damage  with 
no  hojie  of  a  -ueee"ful  eontralaleral  implant.  Kortunaielv.  mo-1  animal-  tolerated  the 
-kulle'ap  well  but  a  few  attempted  to  di-liMige  the  eap  at  rxerx  op|Hirtunit v .  and  while 
two  were  -uere—fui  in  thi-  aetionl  at  lea-t  five  were  lo-l  -implv  due  to  the  -ex ere  torque 
generated  in  removing  the  matin!!  -ignal  eonneetor. 

Sinee  there,  w  a*  no  a  priori  know  ledge  of  anx  -|M*eifie  eel  I  ehi'ter  wliieh  might  Im-  a 
likelx  -min  e  of  the  aiitieipatorx  qx-elral  ehange.  the  in-  if  mieriM'leetriMle-  (or  exeil  the 
HMnil  -limnin'  eleelrmle-t  a-  KK<»  piekup  eleetriMle-  wa»  eontraindjeated.  \-  noted 
earlier,  a  I ; tree  eleetroile  in  direet  eomael  witli  eortieal  ti—ne  wa«  deemed  inailx i-alde. 
and  thu-  it  wii-  determined  that  an  e’retriMle  witli  a  ennlaet  area  of  I  111111*  or  Viler, 
plaeeil  on  the  -urfaee  of  the  dura  mater  would  «erxe  adiniraldx .  for  thi'  purpo-e.  an  i  lee* 
trinle  w  a-  ilex  i  — **d  w  hieh  enn-i»|ed  of  a  'tainle»*  'tee I  ( Mf<  t  »«-rew  welded  to  a  -lainle—  -I eel 
wire  1 1 0-mil  diameter)  to  wliieh  a  matin*:  ennlaet  from  the  eleetriMle  eap  wa-  al-o  welded. 
V-  de-i-rilied  under  "Surgieai  PriM-eduri*-.*'  tlii-'e  *erew  eleetriMle-  were  threaded,  hx  -elf- 
tappinc  aetion.  into  the  *kull  proximal  to  the  eortieal  area*  of  intere-t.  to  a  depth  -uifi- 
eienl  to  firmly  ennlaet  the  dura  mater. 

I  he  indifferent  eleetroile  wa«  a  3-mm  -lainle"  -teel  rinl  welded  to  Itt-nol 
ihaineter  'lainle—  -teel  win*,  wliieh  in  turn  wa*  welded  to  the  eap  eoutaet.  1’lie  win-  11-ed 
In-tween  all  eleetroile'  and  the  -kulleap  wa*  teflon  eeateil  to  preehule  extraneous  -ignal 
piekup  ill  the  phx -inlogieal  media  pre-cut  under  the  »e,dp. 
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13.  Muscle  Artifacts  in  KKG  Data.  Preliminarv  e\|wrimenl»  with  a  few  subject's 
mnmi  demonstrated  the  iteeii  for  a  method  to  miner  liie  iiiuuiirr  ami  magnitude  of  muscle. 
artifaet>  to  a  iiiiiiininin.  Tile  iilea  of  inducin''  muscle  paralv-i'  hv  the  use  of  some 

.  ncurotuxin  -iich  a>  the  eiirarifortn  tirur.  wa«  rejected  a-  a  solution  to  the  artifact  problem, 
since  tiiere  wa»  no  known  drug  wliicit  would  -elect  ivrlv  iiiiiit.it  rhoiiti«erie  -vnaptic 
transmission  to  most  skeletal  rniwle  wiiiie  uniipielv  -parin':  interro-tai  and  diaphragm 
neuromuscular  activity.  Thus,  tile  u«e  of  eurarifomi  agents  would  have  mpiirid  the  iw 
nf  a  respirator,  wliieh  was  totaliv  inimical  to  the  overall  goal-  of  liie  exiieriuieut. 

After  sexerai  trials,  a  restraint  device  |«ee  Figure  It  was  devised  which  con¬ 
sisted  of  a  t i “lit lx  fitted  heiuicvlindrr  which  was  plated  over  the  -ubjecltusiiallv  after  a 
hit  of  preliniinarv  -Irngglct  which  liecame  nearlv  motionle—  after  i.'  adapted  to  total 
restraint,  anti  rrmained  thus  fttr  a  half  hour  t»r  more  at  a  time/*  Tiiere  wa»  some  .motion 
of  the  head  during  iwriods  of  noii-stimulalioii.  anti  «ome  occasional  furiolis  sniffing  dur¬ 
ing  .Mlorant  runs,  hut  in  general  the  restraint  was  t|uile  «uctes»ful  in  reducing  motion  ar¬ 
tifacts. 

\n  additional  |>riirfit  was  obtained  fn.m  thi«  method  of  restraint  in  that  the 
»iihject  was  alwavs  oriented  such  that  it'  head  w«»*  dirceth  in  the  stream  of  incoming  air. 
ami  thus  maximum  availahilitv  of  incoming  iMlorant«  wa-  assured  at  all  limes.  The  sim¬ 
ple  restraint  was  a  valuable  aid  in  -implifving  tin-  ta-k  of  signal  data  iKK.tit  reduction, 
ami  future  ilelectitui  svstrms  cniploving  rat*  will  umpiestitinahlv  use  an  even  more  effec¬ 
tive  restraint  sv»trni. 

1 4.  KBS  SipnaU.  The  wavefonn  u«ed  for  Kll>  niu»i  Iw  structured  earefullv  mi 
that  dtere  is: 

a.  No  aversive  rv-pnii-e  to  stimulation. 

h.  No  physiological  tleterioraliim  after  manv  thoii-aiid'  of  »tiruulaliuiis.  \  prole 
lem  of  aversive  reaction  to  elcctn.»limuhi«  ••an  result  Inim  two  eatt-c*: 

( 1 1  File  elei'lnwlr  i«  ineolTertlv  positioned.  or 

t2|  The  signal  amplilmle  or  thiralnm  (or  Imtiil  is  excessive. 

Til 

H  IM  thr  •Nlijnl.  »la|4r«|  «•  »»>Wv  l<44l  redtamf.  •••*■«“  rat*  are  h  Muir  ihipw**.**  f** 

4*t*l  ihrv  Jfi>arrnllv  *Wtvr  lr<«t  4  hfKl  f  tiling  r nv  inaom  n>  In  tlf«c  jwiMal*  with  I  H*  rv|»nemr  w  rtr  a •  are 

tfc*  <4  mtmmJm  rmM  Ifmm  »Ww  runKwimt.  thrfr  mm  vmmIK  mu  *4rv««lmc  af-und 

tfcr  rmttmm  thm  firm  ffr.  m)m  I  hr  p»rw*i  Witirm  MM*  r%nM>  «  rw+4  Ml  munmm*. 


Test  subject  in  restraint  device. 


I'hx-iologual  drtrrioralion  ran  mill  from: 

(.'It  hl«“rtni|»hnrr«i»  Inilli  r«-~nll .ml  proximal  ti-»ur  m-rro-i-t  dm*  to  thr 
•limiilalinu  eurrrnl.  nr 

ill  Motion  of  tin-  rlrrtrodr  ri-'iiltinr  in  Hiilr-pri'aii  Iramita  ami  niniMiuriit 
•tro—  t i«.~«*«*  iin  nxi*. 

W  Inn  initial  'timulalion  miltrd  in  axrr»ixr  n--|ioui-.  thr  >i«:ial  tiaramrlrr- 
nrrr  manually  xari.d  a-  llw-  h.i-  iilwrtnl.  If  no  romhuialion  of  -ignal 

paramrlrr-  ta  normal  rangr  »a«  xmii  ohlainrd  in  thi-  m-arrhl  uonlil  rlirit  tin-  plra-tirr 
ri''|HiiiM*.  iIk-ii  ohxiou-lx  tin-  i in | >1  a i it  Ha'  inmrrrrl  ami  tin-  'tilij-ii  na»  of  nurviirrimrn- 
lal  xalur.  Kignrr  .’>  -Iioh-  thm-  'ignal  paraim-lm*  drtrrminrd  to  I*-  optimum  for  lhi> 
m-arrh. 

Tin*  -ignal  na*  bipolar  in  ordrr  to  -ali'fy  mpiirrinrnt  I  lln'll.  almxi*.  'im-r 
rontimioti'  monojMilar  'timnlalion  i»  grnrrallx  ark  non  lol«nl  In  rani*  rrllnlar  nrrro»i' 
aiijarrnl  to  thr  rlnlnitlr  hx  tin-  artion  of  rlci-trophorr-i'.  In  onlrr  to  prrxrnl  hx-al  nrrm»i' 
< III*-  - i in | •  I \  to  tin-  hrating  rffrrl-  of  tin*  »l i m nl.it ins  riirri-nl.  tin-  Haxrform  grnrralor  «a<  a 
roil-t  ailHnrrr  III  drx  nr.  h\|MTIrnrc  Ini'  >lloHtl  dial  llli*  ilrvicr  prott-rl-  till-  'tlhjrrl.  u  liilr 
admpialrlx  'tiiniilaliii"  tin-  MMi.  Tlii*  'lalrtiu-nt  i*  xrrifird  In  tin*  fail  that  mi  in*  than  2  I 
'iilijrrt'  nrn-  allowiil  to  >«-l f>«l iiiiiil.il*-  for  |irriod»  totaling  Ml  It  rarli  during  mmlilioning 
rnti'  nitli  no  •*%  i«l**tit  phx»iologiral  drtrrioralion.  ami  'im-r  tin-  airrau-  'iilijrrt  i-lf* 
•tiinulali-il  initially  at  a  rate  of  nrarlx  2/-.  ami  grnrrallx  ilrwinn-lralrd  .  ax.rragr  rati-'  in 
rvrw  of  I  OilO  'timulatiom*  |n*r  liour  for  n|i  to  I  It.  any  iHetrrioiin  phx>iologiral  rffrrl' 
hoiiIiI  hair  Int-n  rradilx  a|i|iarrnt  Ion-*  ln-forr  tin*  roiidilioning  |x-riod  hail  jrndrd. 
t  Ixrrall.  tln-ri-  «a«  no  rx  itlrnrr  of  iliniiiiiitioii  of  i-lf-»limuln*  in  ti"l  Milijrrt*  n-gan  llr"  of 
thr  nnmiirrnf  ho;ir«  <M-rii|iir<l  in  romlitioning  ><-lf— limiilalioti  ami  in  thr 'iilmpir  it  data 
rmi'.  Nrithrr  turn-  vxidrm-i-  of  anx  ix'jm-  of  alt«-rranl  lirltaxior  which  hoiiIiI  indicate 
pitX'iologiral  damage  (except  for  thr  afon-tnrnliotn-il  can  whcrr  thr  KliS  rlrrlr  xlr  ac¬ 
tually  moxnll. 

It  i'  |irrlini-nl  to  noli-  that  all  animal'  plarril  in  tin*  “accept  a  I  dr’ Y  itcgnrx 
n->|Ntmlrt|  to  uxrragc  'tmiiiln-  current.  in  thr  range  of  IOO  fi  \  In  at  Ml  /t\.  No  -tilijert 
hoiiIiI  rr*|iond  rrliahlx  to  MIS  Irxel*  of  h-"  than  100  ft\.  ami  thr  ii|i|mt  limit  of  *00  p  \ 
*a»  i-t  for  Iho  rraim'.  Kir*!,  thrrr  na»  xiitii-  iinn-rm  for  Imaging  damage  liaxeil  n|M>n 
hi'lologiral  data  from  mlier  rx|N-rimcnt-.  ami  1*1-01111.  it  na»  found  in  limitrd  trill*  that 
Mihjrrt*  mjuiring  current*  in  cxrrn  of  thi*  ti|»|»rr  limit  trndnl  to  manifest  *ymptum*  of 
nidrlx  diffni-d  -timnlalion  hIui-Ii  im-liidril  i-i/.tirc*  anil  motor  dixturhancr*. 
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The  signal  generator  possessed  the  following  capabilities: 

Output:  constant-current-baseline  clamp  to  0  V  d.c.* 

Output  current:  10  to  10,000  yfi  continuously  variable. 

Pulse  duration:  50  to  1,500  ps  continuously  variable. 

Pulse  rise  time:  <10  >rs. 

Pulse  group  repetition  rale:  aero  (triggered)  to  200  Ha  continuously  variable  from  5  Ha 

During  the  data  runs,  the  following  parameters  were  held  constant: 

Pulse  group  repetition  rate:  100  Ha 
Pulse  group!  per  stimulation  event:  20  pairs. 

Stimulus  current:  300  nA  (average  per  animal). 


The  baseline  damp  was  made  adjustable  1°  compensate  for  small  currents  generated  at  the  eiectrode/tisaoe 
interface  in  order  to  muMMus  electrophoresis. 


Figure  5.  EBS  signal  waveform. 
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\ll  of  ihi'  Ir-t  «uhj»-c|s  u>cd  iii  (in*  final  data  mil-  were  stimulated  al 
tOO  fi  \  regardless  of  their  measiirrd  res|M»nse  threshold.  This  h>  done  mi  that  .some  idea 
of  the  exjM-ctrd  |H‘rforiiiainv  of  a  ''mass-produced  biis-en-or  rat  might  In*  attaiiH*«i.  Thw 
h»!>  no  indication  that  this  stimulus  level  was  oilier  than  optimum  for  {hi*  exfieriment. 

1 5.  Surgical  Procedures.  The  sites  for  elnlrmh*  im|ilant  have  (seen  discussed  in 
detail.  Briefly.  conical  KK(»  electrmles  Here  ju\la|HiM*d  In  the  dura  ntalcr  proximal  !o  the 
follow  iii o  general  arras:  occipital  lolie.  parietal  lolie.  ami  cingulate  gy  ni>. 

Sim-e  the  cortical  KKt >  eh-ctnales  were  large  area  rlnlmln  and  since  the  detected 
signals  were  somewhat  diffuse  due  to  die  nature  of  the  meningeal  membrane,  the  exact 
location  of  these  electrodes  were  not  considered  to  lie  critical. 

The  location  of  the  KBS  eleetroile.  however,  was  <|uclr  critical,  sinie  that 
electrode  had  to  terminate  in  a  small  ceil  cluster  (the  MKK:  specificallv.  the  liaso-medial 
area  near  the  level  of  the  Islands  of  ilalleja).  (See  Figure  I  and  paragraph  0.  **A  Choice  of 
Stimulus.**) 

The  t«‘s|  subjects  were  select-  ,  to  have  Imriv  weights  ranging  In-tween  2oO  g 
and  .15(1  g.  These  limits  were  selected  siine  ImmIv  weight  is  a  good  analog  of  ImmIv  size  in 
this  strain  of  ral«.  and  ImmIv  size  must  Im*  controlled  if  l!ie  stimulus  rlrctriMlc  is  to  Im*  ac* 
curalelv  implanted  hv  use  of  a  s|M-cific  stereotaxic  atlas.  Kvrn  with  these  size  limits,  not 
all  animals  thus  implanted  wen-  useful  (o  I  lie  ex|ierimetil.  since  some  variations  in  brain 
geometry  in-ciir  from  subject  to  subject  in  any  imputation  mi  matter  how  great  the'  aje 
pan-nt  structural  similarities. 

KlectnMle  implant  was  ai-compiislied  by  use  of  a  David  kopf  MimIcI  KKI  Snail 
Animal  Stereotaxic  Apparatus  (mm-  Figrrre  6).  Tlie  subject  was  prepared  for  surgery  by  a 
two-step  anesthetic  pnM-criun-.  First,  a  parenteral  (alMiominal  muscle)  administration  of  I 
cr  of  Cnlom|M-nt  (active  ingredients:  chloral  hydrate  ami  |M*utobarbiial)  n-mlered  the 
animal  essentially  motionless.”  The  subject  was  then  weighed  and  a  second  injection  of 
<ihloni|M*nt  administen-d  in  acconlam-e  with  Table  2.  When  the  animal  exhibited  no 
n-s|Minse  to  strong  squeezing  pressure  on  its  paws  and  did  not  manifest  a  blink  reflex  to 
gentle  air  puffs  directed  into  its  eyes,  it  was  known  to  lie  sufficiently  anesthesized  to 
lM-gin  implant  surgery.  A  lien  necessary,  a  maintenance  iujectimi  of  0.2  cc  of  (!hloni|ient 
was  given  al  30-  to  kVmiu  intervals. 


Iltrrr  At r  nmni  regimen  (nr  itNrsiliriiriiti  bltnritliitA  MiMil*.  tmmr  i *f  »h*-h  tN>  IM  nr  MtlattfimmM*  •nlmtrtislralH** 
4  4  utMaiNr-  *«rh  4*  Krtmrt  (kriaiMINr  IM  llof  NlflUl  IIIiIiHMUI  walliiMl  (nr  MHwKtNl.  bil|*me*|  In  4  84*.  «tH^  4*  llabdbum* 
nr  MelalltMtr.  fnT  lN4lHleN4ttrr<  Star  it  !H4iht*4l4r  In  *t(l>)rti  l«|mrj||trt  (rfMmrl  In  bn** -term  rx|Mni#fr  In  |pl«  atlHlteBtx. 
I  liltrnjrtil  w  4s  mnl.  rvm  ibnwgb  d  |trr*etitrt|  A  fish  «*#  HnbtrMtf  rr»fMfMtnr%  |>4r<*Kn*  M  I  hr  led  mlifrt*. 


Table  2.  Ch.oropent  Anesthesia  Dosage 


Body  Weight  (g) 

Chloropent  ( ec) 

250 

0.75 

300 

0.88 

350 

1.00 

400 

1.13 

450 

1.29 

500 

1.45 

550 

1.61 

600 

,  1.71 

Note:  A  dosage  of  twice  the  above  amount  may  induce  respiratory 
distress  in  some  subjects.  LDjo  is  at  least  three  times  the  listed 
amount. 


Chloropent  ingredients:  Mg  SO4.  propylene  glycol,  chloral  hydrate 
pentobarbital 


Tit*'  anesthetized  subject  Ha*  placed  prone  in  the  stereotaxic  apparatus  anti  a 
inoiilh  restraint  was  inserted.  Next,  ear  hart*  were  inserted  full  tieplh  into  the  auditory 
meatus  to  rentier  the  heatl  essentially  innnohile  in  all  planet.  (m*c  Figure  7).  After  a  final 
cheek  of  .he  tlepth  of  anesthesia.  the  scalp  was  shaved  from  nasiou  to  occiput  anti  front 
ear  to  ear.  anil  the  area  was  thoroughly  disinfected  with  alcohol.  The  eyes  were  then 
lithricaletl  with  mineral  oil  to  present  drying  of  the  conjunctiva  (which  would  result  front 
aiteslhesia-intiucetl  inhibition  of  the  blink  reflex) 

Then  a  sagittal-plane  scalp  incision  was  utatle  from  the  ttasion  to  well  past  the 
lainiltda  suture,  the  scalp  was  retracted  (employing  suitable  gauze  dams  to  diminish 
bleeding)  anti  the  skull  was  scrajtcd  until  all  traces  of  the  periosteum  were  removed.  The 
entire  area  was  then  washed  wills  alcohol  anti  examined  for  minute  traces  of  residual 
fieriosteum.  since  it  was  essentia!  that  the  skull  tame  surface  lie  absolutely  free  of  this 
tissue  in  tinier  that  the  eleetnitle  mount  adhesive  attain  its  maximum  strength.  Figure  2 
shows  the  relative  liications  tif  ail  electrodes. 


Figurt  7.  Test  subject  undergoing  implant  surgery. 


The  initial  procedure  in  lln*  development  of  tin*  implant  print*—  was  tii«' 
determination  of  an  anatomical  coordinate  system  nhicii  could  he  used  to  define  the  clec- 
IriKlc  locations  on  all  subject*.  An  ins|ieclion  of  the  cranial  surface  of  the  subjects  re¬ 
vealed  the  verv  distinct  bregma  (anterior),  landida  (posterior),  and  sagittal  (midline) 
sutures  of  this  structure.  From  published  stereotaxic  data,  it  was  evident  that  most  re- 
>ea rchers  involved  in  rat  brain  exiieriments  used  some  combination  of  the  relative  loca- 
tions  of  these  sutures  as  anatomical  landmarks.  Studies  of  rat  brain  morphology  and 
cranial  anatomy  disclosed  that  there  was  high  precision-correlation  tielwern  the  location 
of  the  sutures  and  the  medial  forebrain  bundle.  The  most  common  dimensioning  tech¬ 
niques  encountered  in  the  literatun*  used  the  arithmetic  mean  of  the  bregma-lambda 
distance  plus  a  size-related  correction  factor  to  locate  the  anterior-|>osterior  ( A-P)  location 
of  the  MFB.  Similarly,  the  lateral  jatsition  of  the  MFB  was  determined  from  the  sagittal 
suture.72 

Since  the  Kopf  apparatus  did  not  have  provision  for  setting  anv  arbitrary  [Miint 
in  any  plane  to  zero,  it  was  necessary  to  use  the  scale  readings  available  to  define  the 
reference  |mhiiIs.  The  procedure  which  finally  evolved  was  as  follows: 

a.  The  sagittal  plane  was  cheeked  for  coincidence  with  the  lateral  plane  of 
the  stereotaxic  apparatus.  There  was  a  high  degree  of  orthogonality  of  the  sagittal  suture 
relative  to  the  plane  of  the  ear  bars  in  most  subjects,  so  that  the  sagittal  plane  virtually 
coincided  with  the  stereotaxic  lateral  plane  when  the  subject  was  correctly  ,|>ositiuned  in 
the  apparatus.,  Alignment  errors  of  <2  mm  from  bregma  to  lambda  were  generally  not 
significant  since  the  A-P  dimension  of  the  MFB  was  usually  very  close  to  the  axis  of 
lateral  error  and  since  small  errors  in  F^FIC  electrode  placement  were  not  of  consequence. 

b.  Relative  (scale)  readings  were  found  for  bregma  (B)  and  lambda  (L)  at  the 
points  of  coincidence  with  the  sagittal  suture.  The  arithmetic  mean  of  these  readings 
(B  +  L)/2  were  defined  thereafter  as  A-P.  The  correction  factor  for  animal  size  C,  was 
found  to  be  (B  —  L)/0.765.  Combining  A-P(>  and  C  gives  A-P,..  the  corrected  anterior- 
posterior  dimension.  Lateral  zero  (Sj  was  defined  as  the  arithmetic  mean  of  the  lateral 
readings  at  the  B  and  L  intersections  with  the  sagittal  suture,  or  (B^  +  Ljl2.  A  lateral  cor- 
reetion  factor,  K,  of  1.5  mm  added  to  S(  was  found  to  accurately  define  the  lateral  dimen¬ 
sion  (SE)  of  the  MFB. 


In  III),  s-nr.  of  i-\|prnm«*iM-.  (In-  |-lam-  nf  lln-,  -n|»-riw-  .rf  lln-  -I, nil  on-  Hinl.-  a-  m-.irl,  Imri/ratlal  a-  |.n.it.l.  , 

Olln-r  n\|M-riiiH*nlf*r.  n-r  mln-r  all.lmU  fra  nnms  n-d-ra..  awl  lira,  ran-  -.nrara  ,-raM|.an-  tills  -I rraln  .Iran-n-nm-  in  ral»-r 

hiiIhnM  fifwl  <l'*ti'rttii(ii<ig  vIm*  ,i»hlo«k*  I*m-  «kitJi  im  llw  s|*rrvda\n  .b*VM>*. 
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Tims: 

VP  =  ,B  +  I.)/2  him 

(',  =  |B  —  !.)/(). 705  mm 

VPf  =  |li  +  \.)I2  +  e/ 10  mm 

K  =  1.5  mm 

S  =  (B  +  I„)/2  min 

SK  =  (B  +  L  )/2  +•  1.5  nun 

where  A-Pf  ami  Sf  arc  the  stereotaxic  dimensions  of  the  KBS  eleetroile  in  terms  of  the 
unii|iic  scale  readings  for  each  subject.  SK  was  always  located  siuisirad  to  tin  sagittal 
suture. 


e.  The  penetration  depth.  I)K.  of  the  KBS  electrode  is  as  critical  as  the  \-l’( 
and  S.  dimensions.  Fortunately.  the  skull  is  somewhat  planar  in  the  sjkicc  between 
bregma  and  lanihda  with  small-amplitude  erose  -(nations.  In  the  average  rat.  the  op- 
tiiiiinn  electrode  penetration  depth  was  determined  to  he  8.7  mm  measured  downward 
orthogonally  from  the  mean  surface  height  of  the  exterior  skull  at  the  point  superior  to 
the  MKB.  I)K  was  found  as  the  arithmetic  mean  of, the  skull  surface  height  (B()  +  I.(()/2. 
where  B„  was  the  skull  height  at  bregma  and  L(|  was  the  height  at  lamhda  where  these 
sutures  intersected  the  sagittal  suture. 

d.  The  cingulate  electrode  was  determined  to  he  Best  located  7.5  mm  anterior  to 
\-Pf  and  1.0  mm  dextrad  to  S(>. 

e.  'I’lie  parietal  eleclrode  was  located  2.5  mm  anterior  to  A-Pt  and  8.0  mm  dextrad 

to  S  . 

«» 

f.  The  occipital  electrode  was  located  1.5  mm  posterior  to  A-P,.  and  1.0  mm 
dextrad  to  S(.  Since  the  sagittal  sinus  was  known  to  vary  slightly  in  |iosition  from  subject 
to  subject,  some  care  was  needed  in  locating  the  occipital  electrode  which  lies  near  the 
sagittal  plane.  Acco’.dingly,  all  KEG  electrode  sites  were  located  to  a  precision  of  ±  0.1 
min  or  lietter  (the  KBS  eleetroile  was  held  to  a  tolerance  of  ±  0.05  mm  or  better). 


38 


g.  For  proper  recordin';  of  monopolar  K F( \  signal',  it  was  necessary  to  provide 
a  stalde  reference  (or  indifferent)  electrode.  The  need  was  satisfied  hv  a  chronic  inipiant 
consisting  of  a  stainless  steel  electrode  uninsulated  over  the  distal  p  mm  of  its  length, 
placed  along  the  nose  astride  the  |teriosleum  in  the  plane  of  the  sagittal  suture,  and  at 
least  10  mm  anterior  to  the  cingulate  electrode.  (Htservatinn  of  Oilier  reference  electrode 
sites  confirmed  that  the  nasion  site  ap|>earcd  to  result  in  minimal  signal  artifacts  due  to 
neuro-museular  voltages  generated  hv  sniffing.  and  thus  this  site  was  used  in  all  ex- 
|>cri  mental  suhjccts. 

'I'he  locations  of  the  trephine  holes  for  ail  electrodes  were  marked  hv  placing; 
a  high-s|teed  electric  drill  in  the  stage  of  the  kopf  apparatus  and  using  this  drill  to 
“centerdrill,”  hut  not  penetrate,  the  skull  at  the  proper  stereotaxic  dimensions. 

The  EKG  electrode  mounting  hides  were  trephined  hv  hand,  using  a  pin  vice 
w  ith  a  No.  56  drill  hit  extending  about  1.5  mm  |>ast  the  chuck  jaw>i.  When  the  dura  was 
elearlv  visible,  the  exposed  skull  surface  was  carefully  cleared  of  Ihhic  fragments  and 
blood,  and  the  dural  (cortical)  electrodes  wen*  screwed  into  the  skull. 

Next,  the  location  of  the  trephine  hide  for  the  KBS  electrode  was  rechecked 
for  accuracy,  ami  the  hole  was  drilled  in  the  same  manner  as  were  the  EKG  electrode 
sites.  The  area  was  again  cleaned  of  I  tone  fragments  and  blood,  and  the  dura  was 
| tenet  rated  to  a  depth  of  3  mm  by  use  of  a  Yale  No.  Mi.  Vi-in.  surgical  needle. 

The  electrode  cap  with  the  cortical  .calls  ami  the  stimulus  electrode  attached 
was  placed  in  the  stage  of  the  Kopf  apparatus,  anil  the  stimulus  electrode  was  cut  to  a 
length  of  10  mm.  measured  from  the  connector  base. 


The  stage  was  lowered73  until  the  tip  of  the  electrode  was  at  the  previously 
determined  level  of  D  .  and  a  final  check  of  A-PK  and  SK  was  made.  The  stage  was  then 
lowered  until  the  EBS  electrode  tip  [tenetraled  the  brain  to  a  depth  of  9.2  nun.  This  ex¬ 
cessive  penetration  was  done  to  assure  that  therp  would  lie  no  artifacts  resulting  front 
mechanical  stress  of  neural  tissue  in  the  vicinity  of  the  excised  electrode  surface.74 

Finally,  the  stage  was  withdrawn  until  the  electrode  tip  was  |Hisitioncd  at 
8.7  mm  Itelow  mean  skull  height,  and  dental  acrylic  was  placed  under  and  around  the 
electrode  cap.  with  due  care  exercised  to  prevent  the  toxic  acrylic  front  entering  the  EBS 
trephine  hole.75 


\*  |lir  •la*!i’  na*  loHeretl.  (lie  KK(i  rlr*Hro*l«,j.  tttw  iiisrilnl  iittrr  I In*  aft|»niftriii<«*  mwit'diir  raft  |hii*  ami  liie  trails  *«*n* 
i|r«*wrl  tr*  | >n*r lurlr*  .liitrl-rtri'ilil  nHilail*  a*  lilt*  raf*  ilescrmW  In  *1*  fnal  IrN-afMsH. 

Nii  f«|i»t  irf  a  fr*H  MtlijiTls  n-tealiil  dial  jjliusis  «umm  fillnl  ihr  nnarai  -af»  rim*  jettrruhil.  ami  m*  loss  of  ,;mHlti* 
rffrr'lmlt  Mils  rtitletil, 

1,1  limn** h ii\  na*  iiwrliil  ill  I  In*  K1IS  in  pliHM-  hi-fli*  lu  javr-lmlr  swli  IrtAatr- 


W  lifii  lh«’  ilriil-al  arrvlir  had  ~oliililiril.  thr  -iir"t-uu  n;:aiii  ilram-tl  tin-  ••  \ | m >-•  > I 
-hull  'iirlacf  with  alcohol.  I  In-  »oal|>  »a«  thou  - ■  1 1 1 1 ri-< I .  making  -nrr  that  tin*  aor'lic 
ailhc'iM'  «a>  covered  ami  that  tin-  *-l«,«-t r« m l«*  mount  ua-  dear. 

hat  h  animal  «a>  carclullv  oo~cr\ed  lor  cv  idcucc  ol  ■.hoi  k  or  < I \  ~ | >i it- a  for 
f  h  |io«lo|>irali\rl\  ami  «a>  thru  returned  to  it»  a»-i^m-tl  living  ana.  Kaeli  -uhjert  na> 
e\umined  tlail'  lor  a  period  ol  2  ttk  lor  -i ” n~  of  infection  or  erratic  India' ior.  Nearlx  all 
»uhji*cl»  recn'ered  without  nerd  of  mt'tliral  mlrr'cution  ihii'iire  III. 


Figure  8.  Post  surgical  subject. 
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16.  KBS  and  Olfactory  Stimulus  Systems.  Pipin'  **  schematically  depicts  the 
stimulus  systems  employed  in  this  research.  As  shown.  three  olfactory  stimuli  Herr 
available  lor  presentation  to  the  test  subject  {located  in  the  Faraday  Bo\l  on  a  random 
selection  basis.  The  heavy  lines  in  the  figure  denote  lengths  of  "T\(*OV‘  lulling:  the 
light  lines  represent  electrical  connections. 


Figure  9.  EBS  end  odorant  delivery  rystmni. 


Both  automatic  and  manual  control  of  odorant  and  KBS  stimuli  were  allowed  by 
this  instrumentation.  During  the  shaping  and  conditioning  protocols,  the  sequencing  was 
accomplished  automatically  while  manual  control  of  odorant  delivery  was  employed 
during  data  runs  (KBS  was  not  applied  in  these  runs). 

Kach  odorant  delivery  system  consisted  of  a  three-port  rotary  solenoid  valve  and 
an  odorant  capsule.  The  odorant  capsules  contained  a  few' milligrams  of  the  follow  ing 
odorants: 


Capsule 


Odorant 


A  Flake  1  NT  (military  grade) 

B  Coarse  pine  or  cedar  sawdust ' 

C  Asphalt 

hat  h  til  thr  odorant-control  cap-tde/v ;thc  a**emblie-  »a<  -applied  l>v  two  air-pre-sure 
-  v-tcm-.  I  hie  air  delivered  j m i I » \ »*  pre— tire  "zero"  air  to  the  odorant  eap-iile  when 

the  -olcnoid  salve  vv  a-  energized  In  cau-e  odorant  deliverv .  The  other  air  *v-tem  pre-ented 
a  negative  pre*.iirc  In  the  iHlnrant  cap-ole  when  the  -olcnoid  valve  wa-  not  energized, 
thereby  a— tiring  that  no  re-idual  ndnrant-la.leii  air  remained  in  the  deliverv  *v*trnt  dur¬ 
ing  tlie  inter— limiilu-  interval*. 

Thu*,  'lie  olfactory  -tiniulu-  *v*teiu  generated  a  holit*  of  odorant-laden  air  whieh 
v>a*  delivered  into  the  air  ambient  In  the  head  nf  the  te-t  *uhjeet.  \  delav  of  aOO  ±  TO  in* 
e\i*led  between  the  lime  nf  -olcnoid  energization  and  the  time  of  arrival  of  the  leading 
edge  of  I  he  -linndii-  air  Im>Iii».  I  hi-  factor  ’  a**umed  great  *ignifieanee  during  *ignal 
analy-i*.  (Sv  Sction  111.  ITS.") 

The  entire  interior  nf  t’ne  haradav  Box  wa*  eon*tantly  maintained  at  a  *light 
negative  pre— ore  and  the  evhau-t  air  wa*  relea»ed  out*ide  the  laboratorv  in  order  to  pre¬ 
vent.  nr  at  lea*t  minimize,  a  build-up  nf  TNT  throughout  the  adjacent  te*l  area.  \t  the 
cnnclti'inn  of  each  te-t.  the' entire  apparatu-  I  haradav  Ifox.  re-traint  cap*tde.  iidorant 
•liuitdu*  generator,  delivery  »y*tem.  el  al.l  was  thoroughlv  cleaned  lo  preclude  iMloranl 
build-up  .util,  hence,  data  di*|ortion.  No  attempt  wa-  made  to  preclude  laboratorv  am¬ 
bient  air  from  entering  the  te-t  encln-ure  and  "zero"  air  wa*  n«ed  mill  in  the  odorant 
deliverv  -v-iem.  I  he  rationale  for  thi*  action  wa*  -imply  that  the  animal  wa-  trained  in 
the  laboratorv  In  detect  !  N  1  v,q>or  in  room  air  a-  it  would  In-  required  to  do  in  explo-ive- 
deteetion  -erviee.  and  it  would  add  nothing  to  the  overall  experimental  re-lilt-  to  u«e  a 
-lerile  ambient  environment. 

'X  Idle 'no  attempt  wa-  made  to  exclude  the  routine  odorant-  pre-amt  in  the  labora¬ 
tory.  it  -hnuld  be  noted  that  TN  I"  wa-  a  unique  -iib-lance  in  the  building  a-  f.tr  a*  could 
lie  determined.  I  here  w  a-  not  even  minute  qiiantitie*  of  -uli-tance-  containing  nilrn  ( N(  )| 
group*  (which  could  have  |m>— iblv  |M-rmeated  the  le*l  area  and  cati«cd  mu-king  or  ennfil- 
-iun  in  identification)  pre-cnl,  nor  had  there  Item  within  the  pa-1  ."»  vr.  It  i*  virtually  cer¬ 
tain.'  therefore,  that  the  le»t  -object*  were  aware  of  the  pn-»  <t'  of  TNT  only  from  the 
odorant  delivery  -v-lcni. 
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Military  “rad**  TNT  i-  iw>t  a  reagent  grade  sulMancc  ami  contains  two  major  im¬ 
purities:  dinitrotnluem*  (1)NT|  and  munuriitmtolucrie  (MNTt.  each  of  which  ha-  a  higher 
\a|M»r  pre-iirc  than  doc-  TN  I  .  Ilowcycr.  the  quantities  of  ihc-e  impurities  present  in  all 
-ample-  of  military  jrradr  TNT.  I»*»th  foreign  ami  domestic.  -how  that,  the  total  amount 
pre-cut  i-  le—  than  2  jiercent  of  the  total  ma—  -«» that  the-c  relate*!  ettiiqMiiimi-  affe**t  the 
total  inlor  only  -lightly.  Thi-  i-a  moot  |x»int.  -im*e  1 1  NT  and  MNT  an*  always  pre-ent  in 
military  grade  TNT  and.  therefore,  the-**  com|Hinn*l-  are  part  of  the  "norma I"  odor  of 

TNT. 


It  wa-  not  the  pur|M*-r  of  thi-  evqterimenl  to  te-t  the  -object-  again-t  a  wide 
variety  of  «>dnrant-:  llierehire.  they  were  not  tested  for  their  re-jHtn-e  t**  any  odorant*  other 
than  tho-**  li-le*l  altove. 

The  KBS  -ignal  wa-  generated  in  the  Stimuli!-  Se«jn**nee  (ieneralor  ami  delivered 
to  the  -uhject  hv  shielded  lea*i-  to  the  connector  pam*l  on  the  Karaday  Bo-..  \-  not***l 
previously.  KBS  was  not  applied  during  data  runs,  hut  the  te-t  -etup  is  identical  for  l*oth 
conditioning  ami  data  mils. 

It  i-  inqiortant  to  note  that  then*  was  a  irnite  hut  imlelemiinate  [to— ihilitv 
that  s*mie  or  all  «*f  the  lest  -object  imputation  might  eventually  leani  to  em*  on  the  -ouml 
**f  the  -olrnnid  relav  which  delivered  TNT.  hi  order  to  preclude  the  *HTiim*nc«*  of  -itch  a*** 
tivitv.  the  relay-  were  switched  in  a  random  fa-hion  from  time  to  time  so  that  no  *»ne 
yahe  delivered  TNT  va|»«»r  for  eyery  te-l  run.  It  wa-.  of  «*o»«r*e.  nccc— ary  to  thoroughly 
purge  the  relays  prinr  to  thi-  functional  change  «n  that  previous  odorants  which  might 
cling  to  the  valve  a— emhlv  did  not  l*e**ome  le-t  artifact*.  The  -ame  pieces  of  TV  (',( >N  tide 
ing  wa-  il-ed  in  all  runs  to  deliver  the  odorant-  In  the  Karaday  B**x  te-l  em*l«*sure. 

17.  Behavioral  Shaping.  When  the  test  -object  was  completely  recovered  from 
implant  surgery— a  matter  of  2  to  3  wk— the  process  of  conditioning  (following  the  ra¬ 
tionale  *le*crihed  earlier)  was  liegun.  This  process  consisted  of  two  basic  phases,  the  first 
of  which  used  operant  conditioning  ami  the  -room!  of  which  itsed  classical  conditioning. 
( >prrant  conditioning  demonstrated  the  following  important  factors: 

a.  The  accuracy  ami  avicquacy  of  all  electrode  implants. 

b.  The  ability  of  the  test  snhjert  In  iletect  the  desired  target  substance. 

c.  The  willingness  of  the  subject  to  resp<md  to  odorant  stimuli  where  brain  elec¬ 
trostimulus  was  the  single  reward. 

Classical  conditioning  was  latrr  applied  only  to  those  animals  which  successfully  met  the 
almve  criteria. 


Tin*  nerd  f»>r  rla-'ical  eonditiuning  originated  from  rnit'ideralinu  of  the 
iliiim. ilr  u-e  of  I  lie  animal,  w  hirli  wav  a»  noted  pre\  ion-lv.  a-  a  portal  de  \  apor  detrition 
-v-li  iii.  Tin-  propo-rd  UM-.  -ehematiralh  deputed  in  Killin'  III.  would  r**-- *i It  ill  roii- 
*ideralile  jnMling  of  even  a  >evrreh  re-train'tl  animal  a-  it  wa»  carried  through  a  -earrli 
pattern.  and  in  llii-  rirnl.  ojK-ranl  ~ignalling  could  lie  '♦•riou-h  *li~rn j it«-< I.  rim.-,  il  i- 
highk  dedraide  that  the  animal  -ignal  j|.  awarene—  of  target  presence  In  a  change  in  it' 
eortieal  acti\  its .  and  it  w  a-  derided  that  ela-iral  eotnlilioning  would  rnhar.ee  tlii-  efferl. 


AIR  INTAKE 

Ftgur*  10.  Propo««d  iim  of  r»t  »«  •xpiotivM  detection  «yit*fa. 
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^hen  ill*1  |H»*t-n|»eraliye  *uhject  fir>C  riHinttl,'*!  to  the-  *timulu*  generator, 
it  placed  in  a  Skinner  Box  where  a  *elf-*timulu*  pre*s  har  h a*  available  (Figure  11). 
Vfter  a  Brief  |>eriod.  the  animal*  generally  accepted  liolh  thi*  re*trictive  environment  and 
the  pre*ei»ee  of  the  *kull  eap  with  the  electrode  lead*.  When  the  *ul»jeet  wa*  fully  adapted 
to  the  te*t  Imx  (a*  evidenced  Ity  the  initiathoi  of  the  *rlf-grooming  pn»ce**  with  which  thi* 
«|>ecie>  <M-cupie*  mo*t  of  it*  “relaxed  *tate"  time),  the  fii>t  KBS  wa*  applied  manually  hv 
the  te*t  ofieralor.  TIte  effect  of  thi*  *timulu*  wa*  dramatic  in  every  ca*e  of  effective  im¬ 
plant.'*  The  animal  often  cca*ed  all  activitie*  ami  remained  motionle**.  u*ually  in  a 
•landing  |M»*ture.  for  *cveral  *ecoml*.  (iautioii*  grooming  then  re*umed.  With  the  *econd 
application  of  KBS.  the  animal  u*nally  apfieared  peqdexed  hut  not  alarmed  and  tended 
to  *curn  dltont  the  lot  cage  *uiffing  rapidly.  Sttlwetpienl  *timuiation  cau*ed  evideme  of 
incrra*in!!  excitement. 


Fifor*  11.  Twt  wbjm  undtryona  Mmwwl  ttwpwtf. 


Hl>  flreiAalr  **•  rr«dtU  jjifijfrM  at  iK»*  nHy  *4  the  rumlittiMiitg  |mi(nml.  If  (hr  •ttbfrl 

Mi«it|edr<|  .ymptow.  .4  fear  ftwtt,  «*  Uf«nr  hrhatmr.  thr  imftlMi  Ha*  mromn.  **  ***»  aUt  the  if  I  hr 

•whjrrt  r%h*|Lrtnf  «n  |rha«Mat  'Hattfr  «tfh  I H*  af^4ir«f.  Of  I  hr  (e*  »h>  etlirfntwl  *  fear  rr*fa«r,  «i«r  «tm  ahlr  to 
*^r  |4r«i«aar  »rth  fr*lt*rr4  *4hnuIw*  rwrrrna  nmfttilrrir.  kkllr  «4hrf»  «|»a»*  nhtlNlrd  fr«r  ami  »rrr  thu*  tt«rlr» 

,**r  ^  r  ^  "**  V<|Mr|laaU.  IN  air  allmm  ral*  »rar  Mrtl  f<«  im|>ian(  rffrrtitrnr**  tn  thi*  mannrf. 

anti  12  **r*r  ft  mm  it  to  hr  of  no  .r\|«nmrtNal  tjliar.  fhr  rraoN*  h«r  thr*r  fat  I  tie***  »rfr  m4  ronfinitNi  In  hHttlotH-al 
ryaMtRahmi.  Itrt  »w  a*«MWwl  in  ihr  li«*t*  itf  M|rnrwrr  to  l<r  a>od  |tfntialti«  *har  In; 

I.  V(t«al  rff**a  in  r|*tin*|r  Umatfm. 

2  Nnninaal  tanaiam  hi  ihr  InatN. 

1  IWaiN  trnaaia  rmthmi  fr**N  iNtjtlnnt 

\~umpttm.  |  ami  I  *rrm  wlial  -thrr  thr  kmr.  Mrriafvnl  Uf«rt«  m  ihr  firw|  Hi  .»*|i)rr«*.  \**wm|4i«m  2  i*  taint 

.*Nrr  fr*«flrN  rrlMi  freiNTm  NT* I  fnXN  *4hrf  — *ho*  rnmm  IN  thr  r*  art  Itrafam  ttf  the  MKM:  thr  rr%«H 

••f  elrttmai  diwwltr  <4  dnalnnr*  ad(airit<  to  (hr  VfH  »•  i4lm  *  (rat  myinr. 
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Those  animals  which  rescinded  well  to  manually  applied  KBS  soon  began  to 
exhibit  the  phenomenon  of  “superstitous  Itehavior”  which  i»  remarkably  similar  to  the 
liehavior  patteni  of  humans  subjected  to  an  unrecognized  challenge.  The  animals  ob¬ 
viously  enjoved  the  KBS.  and  they  apparent!*  assumed  that  the  pleasurable  e\ent  was 
solely  the  result  of  some  action  on  their  part.  Immediately  following  an  KBS.  the  subject 
would  begin  an  attempt  to  reconstruct  the  e.ents  leading  to  KBS.  Some  rats  ceased  all  ac¬ 
tivity  for  up  to  a  minute,  while  others  immediately  liegan  a  series  of  unusual  |>osttirings  at 
various  locations  in  the  Skinner  Box.” 

In  order  to  assist  the  rat  in  achieving  self-stimulus  in  the  minimum  period, 
the  test  ojterator  first  applied  20  to  30  KBS  regardless  of  the  activity.  jiosture.  or  position 
of  the  animal.  After  this.  KBS  was  applied  a  like  iiuiplicr  of  times  only  when  the  rat  was 
oriented  with  its  head  toward  the  press  bar.  Next.  KBS  was  applied  only  when  the  animal 
was  within  reach  of  the  bar.  and  then  it  was  applied  *■  hen  the  rat  investigated  but  did  not 
activate  the  bar.  Kventually.  with  this  assistance  from  the  test  ojierator.  the  animal 
depressed  the  self-stimulus  bar.  and.  after  three  or  four  such  events,  all  subjects  recog¬ 
nized  the  press  bar  as  the  source  of  stimulus. 

This  process  was  allowed  to  proceed  in  the  case  of  most  test  subjects  both  for 
reasons  of  convenience — a  simple,  available  Skinner  Box  could  l>c  used— and  for  purposes 
of  observation.  In  the  final  stages  of  the  second  experimental  phase  of  this  research,  the 
subject  was  confined  in  a  small  cage  with  its  head  oriented  toward  the  self-stimulus 
treadle.  The  .lutomatic  stimulus  sequencer  was  allowed  to  stimulate  the  animal  at  random 
intervals  without  human  intervention.  The  subjects  so  »ha|>ed  required  altout  the  same 
time  for  establishing  the  plrasure/trradle  relationship  as  did  those  subjects  shaficd  in  the 
larger  Skinner  Box.  The  significance  of  the  success  of  this  procedure  using  the  smaller 
cage  is  that  a  fully  automatic  training  protocol  could  Ih*  employed  to  train  detector  rats  en 
masse  for  use  in  firld-deplovable  detection  systems,  thus  verifying  Thesis  (I. 

There  can  l*e  no  doubt  to  any  observer  of  the  monumental  pleasure  derived  by  the 
test  animal  from  KBS,  Within  a  few  hours  <  <  I)  of  their  fir«t  KBS  ex|>erienee.  the  test  sub¬ 
jects  were  self-stimulating  at  very  high  rates.  Indeed.  I H00  to  2000  bar  presses  per  hour 
were  put  uncommon  lor  the  average  subject— and  these  animal*  would,  if  allowed  to  do 
so.  rontinue  this  self-indulgent  liehavior  until  they  collapsed  from  fatigue  or  dehydration. 
Such  liehavior  argues  that  KBS  must  surely  lie  the  “ultimate”  conditioning  stimulus. 


Il  i»  not  rlifftruH  In  tiMr  ih*t  4  omtUr  f«*m  of  iUwk  jI  nmiM  toning  (•an*  MlV  #4  iiHttvl  i«  nirr}i,mt>ni 

•*f  origin  m  human  •u(rHili<m  ami  «4  ihr  •omHimr*  Imam  Irhattor  »hkh  rr*nli*  f»o«  unr\|4*mr4.  tinlantiltar  inTtinrnm. 


18.  Operant  Conditioning.  After  the  subject  was  fuilv  aware  of  the  pleasure  to  lie 
derived  from  the  har-press  activity,  the  shaping  |>eriod  was  concluded  and  operant  condi¬ 
tionin';  liegan  hy  simply  allowing  no  KBS  in  res|M>nse  to  a  har  press  unless  TNT  vapor 
was  present  in  the  mlorant  delivery  jiort  of  the  Skinner  Box.  As  expected,  when  an  KBS 
did  not  result  from  a  press,  episodes  of  somewhat  frantic  har  pressing  was  interspersed 
with  jieriods  of  quiet  contemplation  or  feverish  resumption  of  the  earlier  superstitious 
search  for  the  source  of  pleasure. 

In  order  to  verify  that  only  the  presence  of  TNT  vapor  in  the  test  fixture  would 
induce  the  desired  Itehavior.  other  .odorants  were  delivered  in  the  exact  manner  as  was 
TNT  \a|>or.  Fine  and  cedar  sawdust,  asphalt,  anil  even  food  were  used  as  neutral  olfac¬ 
tory  stimulus  Itecause  the  animals  were  known  ,to  sniff  these  sulistances  in  their  normal 
life  patterns.  After  alnml  I  h  of  multiple  odorant  exjiosiire,  the  animals  completely  ig¬ 
nored  any  odorant  which  was  not  associated  with  KBS  availability:  however,  there  were 
occasional  false  alarms  which  probably  resulted  from  a  decision  by  the  subject  to  deter¬ 
mine  if  KBS  might  lie  available  in  spite  of  the  presence  of  a  **w rung”  odorant. 

In  the  surprisingly  short  space  of  alxmt  40  h.  most  successfully  conditioned  rats 
were  able  to  recognize  {be  causc-and-effect  relationship  lietween  the  presence  of  TNT 
vajMir  anil  the  availability  of  KBS  in  res|M>nse  to  bar  press.  Additional  iqierant  condition¬ 
ing  (10  h)  was  given  to  each  subject  (30  min  |ier  day  for  20  days):  during;  this  time,  the 
animals  were  gradually  transitioned  from  100  percent  KBS  (an  KBS  each  time  TNT 
vajior  was  present)  to  an  KBS/stimulus  ratio  of  0.6  (see  Figure  12).  This  reduction  of 
reward  frequency  was  in  accordance  with  the  well  established  precepts  of  imth  operant 
and  classical  conditioning,  which  state  that  excessive  reward  can  result  in  a  rather 
substantial  diminishment  in  |ierfnrmai»ce  due  to  habituation  with  a  resultant  diminish- 
ment  of  anticipation.  It  ap|>eared.  after  some  exjierience  with  this  strain  of  rats,  that  a 
rew  ard  in  alxiut  80  cases  out  of  1 00  was  the  limit  lievoud  which  some  habituation  would 
surely  occur.  Since  a  high  degree  of  anticipation  of  rewa.il  was  critical  to  the  research,  a 
0.6  rew anl/odoranl  stimulus  ratio  was  selected  and  maintained  throughout  the 
experiment.  — - 

19.  ('lassical  (Conditioning.  In  this  final  phase  of  conditioning,  those  test  subjects 
which  accepted  iqterant  conditioning  were  plai’eil  in  the  restraint  capsule  (Figure  4)  where 
no  provisions  for  self-stimulus  existed.  As  Itefore.  odorants  were  randomly  introduced  into 
the  test  fixture,  but  in  these  runs.  KBS  was  delivered  gratis  during  60  perrent  of  the 
deliveries  of  TNT  va|>or.  The  animals  were  apparently  not  vastly  confused  by  the  non- 
iqierant  presence  of  KBS  and  si  sin  adpaled  to  the  new  test  conditions.  After  about  4  h  of 
classical  conditioning.  mi»st  of  the  test  subjects  were  deemed  ready  for  data-taking  ses¬ 


sions. 


DETECTION  PROBABILITY 


OBSERVED  ZONE  OF 
MAXIMUM  ANTICIPATION 


EBS  TO  ODORANT  STIMULUS  RATIO 


(ALL  SUBJECTS  BEGAN  TEST  WITH  40  HOURS 
OF  CONDITIONING  AT  UNITY  RATIO.) 

Figur*  12.  EBS/olfactory  ttirmilut  retatiomhip. 


48 


All  told,  a  total  of  60  to  80  h  of  conditioning  (operant  plus  classical)  wa*  found 
to  l>c  adequate  to  transform  naive  subjects  into  skilled  and  discriminatin';  sensors  of  TNT 
vapor.  Not  all  subjects  which  could  be  shaped  were  usable,  but  the  total  yield  useftd  for 
testing  from  those  animals  which  could  lie  shaped  was  better  than  80  percent— a  total  far 
in  excess  of  that  originally  anticipated.  Overall,  the  percentage  of  animals  usable  as  sen¬ 
sors  relative  to  the  total  naive  population  was  about  50  percent.  As  a  comparison,  the 
same  ratio  for  dogs  trained  bv  non-EBS  methods  .ras  about  15  percent  and  the  training 
protocol  required  in  excess  of  8  months.7* 

Extinguishment  of  conditioning  was  not  a  subject  of  investigation  during  this 
research  except  peripherally  in  determination  of  the  optimum  reward/olfaetorv  stimulus 
ratio.  It  is  significant  that  no  significant  extinguishment  of  conditioning  was  ex(>erierierd 
in  any  subject,  even  in  the  unique  case  of  an  early  subject  named  “Speedy."  Speedy  was 
retired  from  service  during  a  lull  in  the  research,  and  he  became  a  pet  of  the  custodial 
assistant.  After  1  vr  of  total  inactivity  as  a  test  subject.  Speedy  was  again  placed  in  the 
operant  experimental  chamber  and  subjected  to  TN'T  vapor.  He  immediately  recognized 
the  odorant,  pounced  upon  the  stimulus  press  bar,  and  attempted  to  stimulate  at  a  rate 
approaching  2000  presses  per  hour.  This  astonishing  performance  continued  for  several 
weeks,  but  before  he  could  lie  placed  on  an  EEG  schedule,  he  diet!  from  the  effects  of  a 
respiratorv  viral  infection  which  claimed  three  other  skilled  subjects.  Various  other  sub¬ 
jects  were  carefully  evaluated  after  inactivity  period*  of  up  to  6  wk.  and  none  exhibited 
any  evidence  of  severe  extinguishment.  From  the  performance  of  these  subjects,  one  must 
conclude  that  the  effects  of  EBS  in  conditioning  are  potent  indeed,  and  that  the  data  ob¬ 
tained  in  this  research  are  free  from  the  effects  of  extinguishment  ji  either  operant  or 
classical  conditioning. 

20.  Data  Recording  System.  It  is  difficult  to  obtain  quality  recordings  of  animal 
cortical  activity  in  spite  of  the  fact  that  the  signal  level*  are  higher  and  of  less  diffuse 
origin  that  those  obtained  from  the  conventional  scalp  electrode*  used  in  human  clinical 
practice.  The  major  problem  in  each  instance  is  generally  one  of  signal  artifacts  which 
can,  mimic  or  mask  the  desired  signals. 

Much  of  the  problem  of  signal  artifacts  in  the  case  of  animal  EEGs  arises  as  a 
result  of  the  motion  of  even  a  .leverely  restrained  test  subjec*.  which  result*  in  the  presence 
of  signal*  of  both  cortical  and  muscular  origin.  Additionally,  there  may  be  triboelectric 
signal*  generated  by  motion  translated  along  the  EEG  input  signal  lead*.  Although  this 
effect  is  usually  of  secondary  significance,  these  microvolt  signals  can  add  significantly 
to  the  total  artifact  content  of  the  data  recordings.  As  explained  earlier,  motion  artifacts 
were  minimized  by  use  of  the  device  shown  in  Figure  4. 


N«l»n.  V.  and  Ora, no.  0.  I„.  "Mine  IMnlin*  Camim."  KapnN  2217.  I  Vnm.MKRUICnM.  Frat  Hrlvoir. 
Virgin*  ( 1977k 
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nni-i*  tin-  pntlilt-iii  ol  million  nrlil.nl'  »a*  r-  •«  I  in  ••••  i  In  n  miniimm,.  il  wa-  n  -  i  i  u  |  *  It- 
mnllrr  to  dr\i-r  and  laliriralr  n  'rrrrnrd  mrlo-urr  i -«-«•  I  i”iirr  I'll— n  laradav 
llo\— w  1 1 it  ! i  would  arliirw-  at  Ira-t  a  7<>-dh  lo  80-dli  allrniiatio'n  ol  arlilai  l-  < i.-ri \ t-d  from 
'tiuriV'  in  and  adjnrrnl  In  tin-  lahoralors  ari-a.  I  hr  laradav  I!un  wa-  imill  with  a  wuodrii 
Irailir  rovrrrd  ill-idr  and  olll  with  rlrrlrolvlir  roji|irr  ('t'i.a  jimrlil  or  hrllrr  i  hrllliral 
tnirilv )  r\rr[it  tor  a  virwitir  |iort  in  tin-  lid.  wliirli  wa-  rinrrrd  with  hron/r  win*  't-ri-rn 
I  loth  iii'idr  and  out.  Ml  iiirtallir  jinnl  ion-  on  liolh  I  In  main'  liodv  and  llir  lid  wrrr 
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Figure  13.  Faraday  box  test  enclosure. 
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In  order  to  assure  the  total  absence  of  power  line  noise,  a  high-quality,  battery- 
|M»wered,  variable-bandwidth  preamplifier  was  seleeted  which  could  be  placed  within  the 
Faraday  Box  during  test  runs.  The  amplifier  chosen  for  this  service  was  the  Princeton  Ap¬ 
plied  Research  (PAR)  Model  1 13  I»w-Noise  Preamplifier.  This  unit  is  advertised  to  have 
a  common-mode  rejection  of  120  dB  for  gain  settings  in  excess  of  200,  a  gain  accuracy  of 
±  2  percent  and  a  total  distortion  of  0.01  percent.  The  amplifier  can  operate  normally  for 
at  lest  ‘8  h  on  its  internal  battery,  and  this  battery  can  be  fullv  recharged  in  16  h. 

It  should  he  pointed  out  that  even  though  a  commercial  10-channel  EEG 
apparatus  (Grass  Model  7)  was  available  for  these  tests  and  was,  in  fact,  used  early  in  Ex- 
{•erinient  1,  it  was  determined  hv  later  experiment  that  the  lowest  possible  system  noise 
level  was  obtained  by  use  of  the  PAR  amplifier  located  within  the  shielded  enclosure. 

The  cortical  EEg  signals,  as  read  from  the  dura  meter  of  the  test  subjects,  were 
in  the  order  of  20  fiX  to  100  /iV,  and  since  the  PAR  1 13  was  routinely  operated  at  a  gain 
of  1 0.000.  the  resultant  large  output  signals  (200  mV  to  1000  mV  across  600  ohms)  vir¬ 
tually  precluded  the  introduction  of  laboratory  artifacts  into  the  input  of  the  data  tape 
recorder.  Great  care  was  taken  to  eliminate  ground  loops  and  other  “hidden  sources”  of 
noise  input  to  the  data  system. 

When  magnetic  tape  data  recording  systems'  were  first  considered,  the  use  of 
direct  digital  recording  was  contemplated  since  this  data  form  would  simplify  data 
analysis  hv  precluding  the  need  for  post-experimental  digitization,  and  it  would  also 
allow  for.  some  “real  time”  data  analysis  in  the  physiology  laboratory.  After  due  con¬ 
sideration.  it  was  'letermined  that  these  were  Only  slight  advantages  among  many  severe 
disadvantages  inherent  in  direct  digital  recording. 

A  m'jor  consideration  was  the  cost  and  the  availability  of  digital  recording  equip 
men!  •.uui  the  cost,  difficulty  and  hazards  of  transporting  such  systems  from  one  facility 
to  another.  Additionally,  if  one  wished  to  acquire  all  available  data,  the  amount  of 
digital  tape  used  would  l>e  staggering,  compared  to  the  amount  of  tape  required  for 
analog  recording. 

At  a  data  rate  compatible  with  the  anticipated  frequency  response  of  Experiment  II 
(300  Hz)  each  digital  tape  would  have  run  4  min  or  less,  using  the  equiment  available;  in 
contrast,  comparable  analog  tapes  would  run  about  6  h  each.7* 


Since  I  hr  spectral  <h*n»ity  of  l  hr  KK(i  signal*  drrived  in  rorh  eaprrimrnt  was  unknown  prior  to  data  analysis,  thr  digital 
•sampling  ratr  wan  at  firnt  indeterminate.  If,  i  mired.  thr  KWi  contained  frrspienrie*  up  (a  .KM)  ils.  then  thr  optimum  (sampling 
ratr  had  lo  Iw  at  leant  750  *amplm  |»rr  sntmtl.  which  repaired  a  true  sampling  ratr  of  1024  sample*  pre  second. 
<  )n  thr  other  hand,  it  thr  tmahle  frripienry  sprctntm  wan  truncated  at  or  hriow  2tM)  Hi,  it  would  hr  ptmihlr  to  sample  at  a  512*llc 
rate,  thu»  halving  the  amount  of  digital  recording  tajsr  u*rd. 

Sinrr  there  wan  no  a  priori  reason  to  Iseltevr  that  imaldr  frequency  romponrwtn  did  nut  e«int  hrvnud  200  Ho.  a  nampling  rate  of 
1024  per  nrcond  would  have  l»een  indicated,  thon  rmullmg  in  thr  4-tuiai  tape  life  noted. 
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Consideration  of  available  KEG  data  led  to  the  conclusion  that  the  use  of  IKIG 
(Inter  Range  Instrumentation  Croup)  low-hand  analog  recordin';  would  he  ideal  for  this 
research,  since  there  was  no  basis  for  postulatin';  the  presence  of  significant  frequency 
density  past  300  Hz,  and  IRIG  low-hand  recording  allows  a  system  bandwidth  ranging 
from  d.e.  to  312  Hz  (6-dh/octave  high-end  roll-off).  Additionally,  this  type  of  recording 
allowed  for  the  use  of  analog  direct  recording  for  ancillary  data,  such  as  the  oral  com¬ 
mentary  of  the  lest  operator  and  a  simple  time  reference  code.  From  the  foregoing  con¬ 
siderations.  analog  recording  was  selected  for  the  basic  data  collection  system. 

Consequently,  the  data  recorder  used  was  a  Honey  well  Model  7600,  1 1-channel. 
FM.  magnetic  analog  tape  recorder  operated  in  the  IKIG  low-hand  mode,  which  had  the 
following  operating  parameters:  tajie  speed  1-7/8  in./s;  center  frequency  1.68  kHz;  data 
bandwidth  ±  1  dl>  from  0  Hz  to  312  Hz;  S/.N  45  db.  In  this  mode,  the  manufacturer 
claims  1.2  percent  total  harmonic  distortion.  ±  0.5-percent  deviation  linearity,  and 
±  0.5-percent  d.e.  drift  over  8  h.  These  specifications  are  entirely  adequate  for  the  pnr- 
jMise  of  this  experiment. 

All  data  were  recorded  on  pristine  3600-ft  reels  of  Ampex  Type  760.  1-in. 
precision  magnetic  tape. 

Since  recording  and  playback  were  to  be  accomplished  on  different  machines  in 
different  laboratories,  it  was  necessary  to  record  calibration  signals  on  each  channel  so 
that  playback  output  signals  could  be  held  to  the  closest  possible  facsimile  of  the  input 
signals.  Consequently,  immediately  prior  to  each  data  run.  all  FM  signal  channels  were 
calibrated  by  first  applying  a  direct  short  circuit  to  the  recorder  input  jacks.  The  in¬ 
dividual  channels  were  then  adjusted  to  give  zero  amplitude  output.  Following  this  5-min 
segment  was  a  5-min  segment  wherein  a  200-Hz.  50-pV  signal  was  applied  to  all  three 
PAR  amplifier  inputs  simultaneously  and  the  data  recorder  channel  gains  were  adjusted 
for  identical  recorder  .output  amplitudes.  The  passhand  of  the  PAR  amplifiers  was  ex¬ 
tended  in  this  recording  segment  so  that  the  high-frequency  roll-off  wa.-  HMM)  Hz  while 
gainremained  at  10,000  X.  At  the  conclusion  of  the  calibration  sequence,  the  passhand 
of  the  preamplifiers  was  set  to  give  0.3- Hz  low-frequency  roll-off  and  300-Hz  high- 
frequency  roll-off  (12  dh/octave). 

In  order  to  facilitate  the  process  of  locating  any  given  data  ejHH-h  on  the  large  tape 
reels,  it  was  necessary  to  include  a  precision  time  code  on  each  data  tape.  The  IRIG-B 
time  code  format  was  selected  on  the  basis  of  available  equipment  (Systron-Donner  Model 
HI-150  time  Code  Generator).  The  timing  signal  was  directly  recorded  on  head  track  10 
of  all  data  taj>es. 
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To  further  enhance  the  overall  data  set  utility  during  playback,  a  continuous 
eotnuientary  was  recorded  by  the  test  operator  during  every  data  run.  No  comment  was 
regarded  as  too  trivial  to  record  during  these  sessions  and  nianv  motion  artifacts  were 
readily  identifiable  in  the  reproduced  data  by  virtue  of  the  oral  annunciation  of  test  sub¬ 
ject  activity.*0  Voice  data  were  recorded  on  all  data  tapes. 

It  was  necessary  to  identify  precisely  the  time  of  activation  of  the  odorant  control 
valves  so  that  data  epochs  could  lie  selected  which  covered  only  a  few  seconds  prior  to 
and  after  odorant  delivery,  (a)nsequentl v,  the  odorant  release  solenoid  valve  d.e.  control 
voltage  was  simultaneously  applied  to  the  solenoid  coil  and  to  an  FM  data  track.  These 
d.e.:  signals,  used  in  concert  with  the  1RIG-B  time  rode,  allowed  for  precise  positioning  of 
the  data  tapes  during  playback  with  the  result  that  the  total  data  digitization  effort  was 
reduced  to  a  simple  and  efficient  routine. 

A  schematic  representation  of  the  entire  recording  system  is  shown  in  Figure  14 
where  the  system  is  connected  for  monopolar  signal  recording  in  Experiment  II. 

21.  Data  Recording  Procedures.  The  total  EEG  data  set  resulting  from  each  of 
these  experiments  was  contained  on  analog  data  tapes.  Additionally,  written  data  sheets 
of  the  type  shown  in  Figure  15  were  prepared  to  aid  in  data  epoch  location  and  to  record 
incidental  information  not  found  on  the  data  tape  voice  channel.  Data  were  acquired  on 
a  total  of  10  test  subjects  in  each  experiment,  and  from  the  mass  of  data  thus  acquired  in 
Experiments  I  and  II,  over  1300  usable  data  epochs  were  identified  as  appropriate  for 
digitization  ami  data  analysis.  Data  analysis  involved  alwml  500  ej>ochs  from  the  first  ex¬ 
periments  and  000  epochs  from  the  second  ex|>erinient. 

The  EEG  signal  data  were  recorded  either  in  niono|>olar  or  in  bipolar  format  on 
F\1  channels  7,  9.  and  1 1  of  the  Honeywell  7600  data  tape  recorder.  The  recording  speed 
was  1-7/8  in./s.  which  permitted  recording  a  total  of  nearly  6  h  of  data  per  data  tajn*. 

Monopolar  recordings ,  were  made  using  the  nasion  lead  (see  Figure  2)  as  the 
indifferent  electrode.  During  bipolar  recordings,  the  nasion  lead  was  connected  to  the 
system  ground.  The  EBS  electrode  was  not  connected  to  any  lead  during  any  data  run. 
The  resulting  analog  data  set  then  consisted  of  the  following  EEG  recordings: 


B0 

The  test  ofierators  were  asked  l«  investigate  ihr  seemingly  lutlifftHW  possibility  that  eventually  thr  wlijrrtii  might  learn  to  mstg* 
niir  ihe  word*  uttered  In  the  various  led  <i|»erator»  at*  thry  announced  the  nature  of  the  impending  >41111111111*.  and  at  various 
stages  of  testing.  On  invasion.  varimi*  ojierator*  approached  the  Faraday  Bos  and  stridently  announced  ( falsely  Hhat  the  nest  lest 
would  lie  a  TINT  event.  Also,  .subject  1*  placed  in  a  Sk  Miner  Bos  were  accorded  the  same  treatment.  At  no  time  was  there  any 
Itehavioral  evidence  Mich  as  violent  sniffing  or  lunging  at  the  Skinner  Hns  treadle!  that  the  subject*  nmhl  cae  on  oral  stimuli. 
Perhaps  it  was  well  that  this  lest  was  performed.  sin*e  the  question  of  oral  stimulus  has  arisen  in  varimn-  discussions 
relative  to  this  research. 
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Figure  15a.  Sampia  recording  data  4wt 


55 


TRAINING 


00  '  V->"  .  o© 


i  s’ .  >io 


T. 


PA  IK  1*1  3 

jt*  (?p 

£jL  yS'j:X 


Monopolar:  Nation  to  Parietal 

Nasioti  to  ( tccipital 
Na-ion  to  (annulate 

Bipolar:  Parietal  to  Occipital 

Parietal  to  ( annulate 
(annulate  to  ( hcipital 

To  allow  for  prerise  identification  of  stimulus  odorant  delivers  initiation  during 
data  analv-is.  the  odorant  delivers  solenoid  d.e.  control  signals  were  recorded  on  KM 
channels  t  and  6.  The  -olenoid  -ignal  front  the  TNT  odorant  *v*tern  was  uniipielv  re¬ 
corded  on  channel  4.  while  the  two  control  odorant  initiation  signal*  were  *’and-galed“ 
anti  recorded  on  channel  6. 

V  oice  commentary  wa»  recorded  (direct  AM  recording) on  channel  1  t.  atid  the  time 
code  signal  was  alway*  on  channel  10. 

V  short  -ample  of  the  recorded  attain"  da  t  is  -hown  ott  Figure  I  hi-  Thi*  i-  a 
monopolar  recording,  and  at  the  approximate  mid-|M>in!  of  the  -ample  time  avis,  the 
presence  of  I  N  I'  solenoid  -ignal  is  evident  a-  a  step  change  in  the  channel  I  playback 
trace.  (Figure  16  was  not  generated  by  a  high-fidelity  playback  »v*lem.  The  jten  recorder 
used  had  a  Bandwidth  of  only  100  II/.  for  -mall  amplitude  signal-,  and  this  Bandwidth 
deteriorated  with  increasing  signal  amplitude.) 

The  voice  t  hantiel  contained  much  valttahle  information  since  the  le-t  protocol 
demanded  that  the  te-t  operator-  keep  up  a  running  commentary  during  each  fonnal  data 
run.  At  lea»l  21'  data  ejiochs  wen-  eliminated  from  consideration  during  filial  data 
analv-is  as  a  result  of  warning*.  observation*.  and  comments  on  the  voice  channel. 

The  standard  IKI(r-B  time  code  recorded  on  channel  10  wa*  u*ed  to  precisely  time 
all  recorded  events,  including  recording  -v-tem  calibration  and  subject' introduction.  Hv 
thi-  means,  any  event  could  lie  located  on  ahv  analog  la|ie  with  an  accuracy  of  I  -  (2  in. 
in  3600  ft). 

The  term  “data  cjmch”  has  l*een  used  rejieatedly  thus  far  in  this  text,  and  it  is 
now  (HTtinent  to  define  this  term:  An  analog  data  epoch  is  the  total  data  contained  in  the 
time  jieriod  extending  from  10  s  prior  to  the  presence  of  a  solenoid  control  signal  to  10  s 
past  the  time  of  the  control  signal.  Thus.  Figure  16  does  not  depict  an  entire  data  analog 
epoch  since  the  image  -ize  allows  observation  of  uImii:!  ')  s  subsequent  to  the  control 
signal  atid  only  about  H  *  prior  to  the  control  signal. 
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Figure  16.  Analog  data  aample. 


The  presence  of  the  time  code  allows  the  simple  extraction  of  these  epochs  from  the 
•treat  mass  of  background  KKO  data.  anil  then  it  senes  again  as  a  backup  identifier  of 
the  digital  event. 

Digital  data  epochs  are  defined  in  Section  III,  “RKSI  I.TS.” 

A  tvpical  recording  session  iiegan  earlv  in  the  dav  with  the  pseudo¬ 
random  selection  of  a  prime  and  an  alternate  test  subject.  Over  the  complete  course  of  the 
e\|»eriment.  each  animal  sjvent  a  minimum  of  1  peri«*ds  in  the  test  chamber,  and  thereby 
each  subject  contributed  a  total  of  almut  4  h  to  the  data  bank. 

The  subjects  were  maintained  on  a  diurnal  cvcle  such  that  they  were  in  darkness 
from  1800  h  to  0600  h  7  days  a  week.  This  rigid  schedule  was  adopted  so  that  no  confu¬ 
sion  or  anxiety  would  result  from  the  sudden  introduction  of  light  just  prior  to  a  test  se¬ 
quence.  I 'pun  removal  from  the  domiciliary  area,  the  primary  subject  w  as  placed  first  in 
the  restraint  device  and  then  in  the  Faraday  Box.  Following  this  transition,  each  subject 
was  given  ample  time  to  accommodate  to  the  environment  of  the  test  chandler  while 
preliminary  recording  setup  and  calibration  were  in  progress.  The  data  runs  began  only 
when  the  subjects  were  fully  adapted  to  this  milieu. 

Several  subjects  te-ted  in  the  formal  data  recording  sessions  were  first  presented 
to  the  ti-.t  station  as  an  individual  totally  naive  to  anv  form  of  olfactory  stimulus, 
although  each  subject  was  fully  conditioned  to  the  effects  of  self-induced  KBS. -and  each 
was  adjudged  to  tie  pro|ierlv  implanted.  (Additionally,  it  was  determined  during  KBS 
training  that  each  KK(»  electrode  was  satisfactorily  implanted.) 

The  pur|mse  of  introducing  the  naive  subjects  directly  to  the  lest  station  was  to 
obtain  KH(»  background  Imth  prior  to  and  during  the  first  exposures  to  the  odorants  used 
in  the  ex|M'riiiient».  and  thereby , to  attempt  to  discern  if  there  were  any  unconditioned  or 
natural  AKSK  in  resjionsr  to  these  'odorants. 

Figure  13  is  a  reproduction  of  a  data  set  randomly  chosen  from  Data  Tape  5A 
(second  exjieri merit),  .Note  that  d.c.  calibration  occurred  lielween  relative  time  zero  and  05 
min.  Id  *,(00:15:13)  and  a.c.  calibration  then  occurred  lietween  06  min.  48  s.  (00:06:48) 
ami  I  I  min.  19  *  (00:11:19).  This  final  system  calibration  was  followed  by  5  m>n  of 
baseline  KK<»  data,  during  which  time  the  subject  was  allowed  to  adjust  to  the  test 
chamber.*1 

HI 

In  itrmlitf.  thi>  jwru-l  w*.  "fir*  U«tg  *•  I  h  Uw  tHswr  .uhjfrt*  which  (tenNwMrateil  an  unusual  reluctance  in  accept 
ibe  restraint  lienee.  In  ihe*e  few  r*«r*.  ihe  raitltratuM  oespienre  wa>  re*nm,  ami  the  tlaia  •heet  re|H'»wrtil»  onU  the  formal  run  *• 
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At  the  relative  time  00:31:00.  a  "Pre-training"  or  “Naive  Data  Set"  was  initiated. 
The  exact  sequence  of  15  TNT  vapor  and  14  control  odorant  exposures  is  detailed  in 
Figure  15. 

Unfortunately,  hut  not  unexpectedly.  Rat  C  ami  nu*t  of  his  test  [jeers  in  the 
naive  state  were  verv  disturbed  bv  the  restraint— in  spile  of  their  thigmotartie  nature— and 
the  nuntlter  and  magnitude  of  the  muscle  artifacts  resulting  front  their  struggles  to  escape 
rendered  much  of  the  naive  EEC  data  useless.  An  occasional  epoch  of  value  resulted  from 
the  fortuitous  coincidence  of  cessation  of  struggle  anil  odorant  delivery.  From  these 
limited  data,  it  was  noi  possible  to  elucidate  any  statistically  valid  evidence  of  the  A  ESC 
prior  to  training.  It  is  important  to  note  that  these  data  were  r.  corded  for  reasons  of  ex¬ 
perimental  completeness  and  were  not  considered  as  part  of  the  formal  data  set.  since 
there  was  no  reason  a  priori  to  l>elieve  that  the  TNT  target  odorant  would  evoke  an  AESC 
in  a  naive  subject. 

Figure  15  shows  the  next  series  of  tests  on  Rat  G  where  fhr  subject  was  no  longer 
totally  naive.  !n  the  column  at  the  extreme  right  of  the  figure,  the  training  parameters  for 
this  subject  are  presented.  The  symtxds  are  to  lie  interpreted  as  follows: 

Prior  to  sulr-session  5.  which  began  at  relative  time  00:50:00.  Rat  G  hail  received 
50  exposures  to  TNT  vapor  and  30  exposures  to  the  control  odorant.  Coincident  with  each 
TNT  exposure,  the  subject  was  given  KBS.  Conversely,  no  KBS  was  given  during  the  30 
neutral  (control)  odorant  deliveries.  The  notation  "KIOVoR"  indicates  that  KBS  was  given 
in  every  instance  of  TNT  odorant  delivery  .  As  the  animal  Itecame  more  experienced,  this 
percentage  was  dropped  until  in  the  final  sessions  *omt  days  later,  an  KBS  to  TNT 
odorant  delivery  ratio  of  about  60  pcnenl  was  established.  This  was  done  to  prevent 
habituation  and  to  accent  anticipation,  as  noted  earlier. 

When  sub-session  5  ended  at  00:51:40,  Rat  G  was  then  given  54  additional  TNT 
vapor/EBS  pairings  interspersed  with  32  control  odorant  exposures.  Following  this  train¬ 
ing.  suli-sessibn  6  began  at  relative  time  00:55:00. 

In  this  manner,  the  first  day  of  Rat  G's  training  and  data  acquisition  cyclr 
progressed  to  its  termination  at  01  h  00  min.  44  s. 

It  is  essential  that  the  reader  understand  that  the  relative  time  displayed 
on  the  data  sheets  was  for  the  convenience  such  markings  present  to  data  analysis,  and 
that  the  time  readings  bear  no  resemblance  to  true  chronological  events  except  during 
data  runs.  Thus,  it  could  have  occurred  that  as.  little  as  30  min.  or  as  many  as  90  min, 
elapsed  in  real  time  between  the  eyents  defined  as  00:54:40  and  00:55:00  in  Figure  15. 
However,  the  03  min  and  24  s  which  are  shown  to  have  elapsed  between  00:55:00  and 
00:58:24  represent  real  time  in  that  the-  events  occurring  in  this  data  interval  were  an 
uninterrupted  continuum. 
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Data  aequi-ition  proceeded  in  tin*  manner  descrilied  above  until  at  lea-1  100 
-timulu-  event*  occurred  in  the  ea-e  of  each  tot  -uiijeet.  In  a<lilition.  over  (>0  li  of 
background  KK(i  data  were  recorded  a*  aneillarv  information  in  the  event  that  extensive 
examination  of  diurnal  (or  ha>al|  KK<>  variation  became  neee-«arv.,J 

22.  Data  Playback  SyHtcms.  The  data  playback  -v-tem  for  K.x|»eriment  .1  i- 
dia»ramed  in  Figure  17.  All  data  were  recorded  on  a  llonevwell  Model  7600  Magnetic 
l'a|*«*  Keeorder.  a-  de*cril*ed  earlier. 


filter  was  set  to  admit  frequencies  in  26  hands  in  the  range  1.0  Hz  to  about  40  Hz  to  the 
Schmitt  trigger.  The  Sehinitt  trigger  squared  those  KEG  signals  with  amplitudes  above 
the  average  recorder  noise  background  and  thus  provided  a  computer  of  average 
transients  (C.AT)  with  a  trigger  signal  which  was  the  analog  of  EEC  frequency  in  the 
band  of  interest.  The  CAT  l»egan  a  sweep  of  addresses  at  a  constant  rate  of  3.2  kHz  upon 
receipt  of  a  trigger  pulse.  The  sweep  continued  until  receipt  of  another  trigger,  due  to  a 
zero  crossing  in  the  Schmitt  trigger.  In  this  manner,  a  histogram  of  timed  intervals 
between  baseline  crossings  was  accumulated.  The  CAT  combined  proper  addresses  and 
delivered  data  for  26  bands  of  frequeneies,  which  are  shown  in  Table  3. 


Table  3.  EEG  Frequency  Bands  -  Experiment  I 


EEG  Band 

Upper  Roll-Off 
(Hz) 

Lower  Roll-Off 
(Hz) 

CAT  Address 

1 

1.5 

1.0 

135-201 

.  2.0 

1.5 

101-134 

3 

2.4 

2.0 

81-100 

4 

3.1 

2.4 

67-80 

5 

3.6 

3.1 

57-66 

6 

4.0 

3.6 

51-56 

7 

5.1 

4.0 

41-50 

8  , 

6.5 

5.0 

34-40 

9 

6.9 

6.6 

30-33 

10 

7.7 

6.9 

27-29 

11 

8.3 

8.0 

25-26 

12 

9.0 

8.3 

23-24 

13 

9.9 

9.1 

21-22 

14 

1 1.0 

10.0 

19-20 

15 

12.4 

11.1 

■  17-18 

16 

13.2 

12.4 

16 

17 

14.1 

13.2 

15  ' 

18 

15.2 

14.2 

14 

19 

16.4 

15.2 

13 

20 

17.9 

16.5 

12 

21 

19.7 

18.0 

11 

22 

21.8 

19.7 

10 

23 

24.5 

21.9 

9 

24 

27.9 

24.5 

8 

25 

32.3 

27.9 

7 

26 

38.5 

32.4 

6 
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Optimum  operation  was  determined  to  be  obtained  when  an  8-to-l  time  compres¬ 
sion  was  used.  This  was  achieved  by  operating  the  Honevweli  7600  at  15  IPS  playback 
speed  (all  data  recording  was  accomplished  at  1-7/8  IPS).  The  CAT  then  sampled  401* 
points  at  a  rate  of  3.2  kHz  for  an  equivalent  real  time  sampling  rate  of  400  samp’  - 
second. 

The  overall  data  playback/digitization  system  used  for  Experiment  11  is  shown 
in  Figure  18. 

In  order  to  simplify  the  search  for  useful  data  epochs,  the  data  playback  system 
needed  a  search  control  module  which  could  be  set  to  stop  the  analog  reproducer  when 
either  a  TNT  stimulus  solenoid  signal  was  present  or  when  a  neutral  stimulus  signal  was 
present  as  the  search  operator  wished.  Consequently,  the  stimulis  presence  detectors  and 
the  search  control  unit  was  designed  to  offer  any  signal  option  to  the  operator,  including 
cessation  of  search  at  a  preset  time  code.  Since  the  quantity  of  data  was  staggering  in  the 
raw  analog  format,  this  control  module  was  an  invaluable  adjunct  to  final  data  analysis. 

Prior  to  each  data  digitization  session,  the  playback  device  was  calibrated  by 
use  of  the  standard  signals  included  on  ea<  h  data  ta|>e.  These  signals  allowed  for  both 
d.c.  offset  adjustment  and  for  a.c.  calibration,  so  that  at  the  time  of  playback,  the  output 
of  the  data  playback  system  was  an  exact  replica  of  the  input  data  derived  from  the  EEC 
preamplifiers.  Close  control  of  d.c.  offset  not  only  allowed  for  the  most  linear  operation 
of  the  playback  amplifiers  in  the  tape  systems,  but  it  also,  greatly  simplified  the  process  of 
digitization. 

System  digitization  bandwidth  was  set  by  the  Rockland  analog  filter  prior  to 
A/D  (analog-to-digital)  conversion.  The  overall  system  was  found  to  be  reliable  and  re¬ 
quired  no  adjustment  or  repair  throughout  its  service  period.  Indeed,  the  overall  perfor* 
mance  of  the  playback/digitization  system  of  Experiment  II  greatlv  exceeded  the,  re¬ 
quirements  imposed  by  this  research. 
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Figure  18.  Data  digitization  lyttem:  Experiment  II. 


III.  RESULTS 


23.  Summary  of  Results.  It  is  evident  that  each  of  the  four  Theses  which 
compose  this  report  have  l>een  proven  beyond  reasonable  doubt.  Thesis  A  postulated  that 
laboratory  rats  were  capable  of  identifying  the  odor  of  military  grade  TNT  in  the 
presence  of  olfactory  clutter;  Thesis  B  argued  that  if  A  were  true,  then  the  subjects  could 
lie  induced  by  the  methods  of  operant  conditioning  to  signal  the  presence  of  TNT  vapor 
and  to  refrain  from  signaling  the  presence  of  other  (neutral)  olfactory  stimuli. 

While  a  proof  of  Thesis  A  was  initially  suggested  by  the  observation  of  unique 
l>ehavioral  changes  which  occurred  in  test  subjects  only  when  TNT  vapor  was  present, 
much  more  definitive  proof  was  achieved  when  Thesis  B  was  verified.  Hundreds  of  hours 
of  preparation  and  testing  were  involved  in  this  seemingly  simple  set  of  proofs,  and  the 
results  are  lievond  question.  It  has  been  shown  that  laboratory  rats  (Sprague-Dawley 
strain)  can,  indeed,  identify  the  presence  of  minute  quantities  of  TNT  vapor  and  that  they 
will  eagerly  signal  this  identification  by  means  of  a  bar  press. 

Thesis  C  was  proved  by  the  expedient  of  complete  standardization  of  all  training 
procedures  and  by  strict  adherence  to  this  protocol.  Thesis  C  proposed  that  more  than  one 
subject  can  In*  trained  simultaneously  by  a  single  human  operator  whose  sole  function  is 
to  initiate  the  automatic  program  test  sequence  after  placing  the  subjects  in  the  test  ap¬ 
paratus.  It  is  certain  that  large  numbers  of  rats  can  lie  trained  to  detect  and  annunciate 
the  presence  of  TNT  bv  automatic  methods  requiring  the  attention  of  only  one  laboratory 
technician. 

The  proof  is  of  great  importance  to  the  pragmatic  aspects  of  various  biosensor 
programs,  some  of  which  have  heretofore  suffered  defeat  and  elimination  because  of 
training  costs  alone. 

.  Thesis  D  predicted  that  an  event  must  occur  in  the  cortical  EEG  as  a  direct 
consequence  of  the  arrival  of  an  olfactory  stimulus  which  had  heretofore  resulted  in  the 
delivery  of  an  extremely  desirable  reward.  This  event  is  referred  to  as  an  Anticipatory 
Evoked  Spectral  Change  in  the  cortical  EEG  signals.  The  event  was  postulated  to  occur 
in  a  short  time  window  immediately  following  the  stimulus  presentation,  during  which 
window  the  test  animal  would  anticipate— from  prior  classical  conditioning— the  delivery 
of  the  pleasure,  reward  which  it  so  eagerly  desired. 

The  proof  of  Thesis  D  required  extensive  data  analysis  employing  sophisticated 
digital  cohiputers  since  this  protocol  was,  ultimately,  the  only  practical  method  for 
elucidating  the  presence  of  detection  signals  heavily  masked  by  the  neural  “noise”  of  the 
background  EEG.  Thesis  D  has  been  shown  to  be  valid;  unique  EEG  signal  features  ap¬ 
pear  following  exposure  of  the  subject  to  low  concentrations  of  TNT  vapor. 


Many  years  of  intensive  experiment  lie  between  this  initial  proof  of  Theses  A,  B. 
C,  and  D  and  the  realization  of  a  feasible  explosives  detecting  biosensor  such  as  deseriiied 
earlier,  but  the  rationale  for  expending  this  time  and  effort  now  exists  in  this  report. 

24.  Behavioral  and  EEC  Data.  The  results  presented  below  are  based  upon 
the  data  collection  of  two  major  laboratory  experimental  efforts  which  consumed  a  period 
of  about  3  yr.  In  all,  over  1300  data  epochs  were  examined  in  varying  degrees  of  detail, 
and  this  quantity  of  data  possibly  would  represent  experimental  excess,  were  it  not  for 
suspected  errors  in  early  data  which  were  resolved  only  after  all  data  acquisition  was 
completed. 

The  presumed  errors  were  related  only  to  the  procedures  designed  to  verify 
Thesis  D.  At  no  time  was  there  reason  to  doubt  those  experimental  procedures  which  were 
implemented  to  verify  the  critical  Theses  A,  B,  and  C.  However,  to  preclude  controversy, 
the  entire  experiment  was  implemented  twice  to  the  extent  necessary  to  unequivocally 
argue  the  validity  of  all  experimental  data.  In  the  interim  period  between  the  first  experi¬ 
ment  nd  the  second  experiment,  the  entire  data-taking  process  was  reviewed  for  competen¬ 
cy  and  was  extensively  revised. 

The  rationale  for  expending  this  total  amount  of  effort  stemmed  from  a  probably 
overcautious  evaluation,  wherein  it  was  concluded  that  laboratory  noise  artifacts  had 
possibly  contaminated  the  first  data  applicable  to  Thesis  D,  in  spite  of  the  exercise  of  due 
caution.  Also,  there  was  some  concern  that  the  initial  experimental  bandwidth  of  50  Hz 
was  inadequate  since  there  was  no  a  priori  reason  to  believe  that  some  significant  EEC 
signal  components  did  not  exist  at  200  Hz  or  beyond.  Since  it  was  impractical  to  review 
the  entire  continuum  of  analog  data  from  the  first  experiment  through  its  many  hours  of 
background  EEG,  immediate  pre-stimulus  EEG,  and  voice  channel  comments,  it  was 
decided  to  rerun  the  experiment  using  extended  bandwidth  and  more  elaborate  noise 
elimination  techniques. 

Examination  of  the  expanded  bandwidth  second  data  set  analog  and  digital  tapes 
by  spectral  density  measurements  demonstrated  that  the  most  significant  energy  spectra 
w’re  positioned  below  40  Hz.  This  result  was  not  really  unexpected*  since  human  EEGs 
have  revealed  the  same  distribution  in  records  reported  in  the  literature.  Of  818  data 
epochs  examined  from  the  second  data  set,  less  than  10  revealed  any  evidence  of  signifi¬ 
cant  EEG  signal  energy  in  the  frequency  region  above  100  Hz,  and  these  few  instances 
probably  were  random  occurrences,  since  the  events  do  not  routinely  repeat  in  the  subject 
during  each  data  epoch  (for  a  single  type  of  stimulus)  for  that  subject.  No  evidence  of 
significant  energy  was  obtained  above  200  Hz  in  any  epoch  examined. 


67 


Since  Experiment  fl  was  instrumented  to  allow  for  a  da'a  bandwidth  ranging 
from  d.e.  to  300  Hz,  it  would  have  been  necessary  to  digitize  at  a  sample  'ale  of  1024  Hz 
(to  satisfy  the  N'yquist  criterion)  if  full  bandwidth  digitization  were  required.  Considering 
the  amount  of  data  on  the  analog  tapes,  the  818  analog  data  epochs  (each  ranging  from  6 
to  10  s  in  duration)  would  have  consumed  an  inordinant  amount  of  digital  recording  tape 
(even  at  1600  hits/in.  data  density)  and,  consequently,  machine  time  during  analysis 
Thus,  prior  to  full-scale  data  digitization,  a  trial  digitization  was  begun  using  full  band¬ 
width.  A  small  section  of  several  data  tapes  was  examin'd  to  determine  if  a  reduced 
bandwidth  of  200  Hz  would  he  adequate,  since  this  would  halve  the  digital  recording 
tape  requirement  by  allowing  sampling  at  512  Hz  at  1600  bits/in. 

The  EEC  spectral  density,  or  power  spectrum,  was  derived  from  the  digital  data  of 
■Experiment  II  through  the  use  of  the  procedure  outlined  below.  A  sample  of  the  total  data 
is  X(t)  defined  over  the  period  t,  Ss  t  <  t2  as  depicted  in  Figure  19.  Taking  for  Fast  Fourier 
Transform  (FFT)  of  the  data  sample  results  in  the  relationship: 

F(cj)  =  a(oj)  +  ib(w)  (1) 

where 

a(co)  —  the  real  component  of  oj 

and 

b(cj)  =  the  imaginary  component  of  d. 


Figure  19.  FFT  relationships. 
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The  power  spectrum  is  then  derived  as  the  summed  squares  of  the  absolute  values 
of  a(w)  and  b(a>): 

or  P(co)  —  a*(o>)  4-  h*(w).  (2) 

This  expression  is  a  real  number  representing  relative  power  at  any  frequency  in 
the  sample  spectrum.  A  plot  of  this  function  expressed  as  amplitude  vs.  frequency  for  12 
300-Hz  bandwidth  data  samples  is  shown  in  Figures  20  and  21.  Figure  20  depicts  the 
calculated  power  spectrum  for  three  samples  of  pre-TNT  stimulus  EEC  data  and  three 
samples  of  post-TNT  stimulus  EEG  data.  Figure  21  shews  the  same  calculation  plots  for 
pre-neutral  and  post-neutral  olfactory  stimuli  data. 

After  several  test  runs,  the  plot  bandwidth  was  reduced  to  the  range  of  zero  to 
64  Hz,  as  shown.  Similar  plots  of  power  spectra  were  made  for  other  subjects  and  the 
overall  results  showed  the  same  general  variations  from  epoch  to  epoch.  The  data  for  the 
figures  were  chosen  at  random  from  these  runs.  The  subject  chosen  was  Rat  B,  the 
regimen  was  his  third  session,  found  on  analog  data  tape  2A  (Experiment  II). 

It  is  evident  from  these  plots  that  there  are  no  significant  spectral  components 
above  40  Hz  in  these  data,  and  there  is  little  evidence  of  significant  signal  power  levels 
alnive  30  Hz. 

Considering  the  results  obtained  above  and  equating  the  cost  of  utilizing  300-Hz 
bandwidth  in  digitizing,  the  data  playback  system  bandwidth  was  reduced  to  200-Hz  up¬ 
per  roll-off.  Digitization  then  proceeded  at  512-Hz  sampling  rate  with  1600-bits/in.  data 
density  for  all  data  epochs. 

This  verification  of  the  appropriate  bandwidth  to  be  found  in  most,  if  not  all.  EEG 
samples  greatly  enhanced  confidence  in  the  integrity  of  the  data  set  from  Experiment  I 
which,  ae  noted  earlier,  was  set  at  50-Hz  roll-off  in  the  analog  recordings.  In  spite  of  this 
assurance,  the  data  from  the  pioneer  experiment  were  not  used  in  proving  Thesis  D  since 
the  data  from  Experiment  II  bore  no  residual  stigma  of  any  sort. 

The  behavioral  data  upon  which  the  proofs  of  Theses  A,  B.  an  C  rest  is  contained 
in  the  numerous  data  sheets  from  both  experiment  I  and  Experiment  II.  such  as  those 
shown  in  Figure  15,  in  numerous  pages  of  laboratory  notes,  and  in  the  collective  memory 
of  the  laboratory  team  members.  The  latter  data  hank— fallible  human  memory— was 
used  in  a  series  of  “blind  quizzes”  to  verify  the  unified  data  depicted  in  figures  12  and 
22.  (An  astonishing  degree  of  agreement  was  found  tp  exist  between  the  collective  and 
sometimes  temporally  distant  observed  behavioral  characteristics  and  that  depicted  in  the 
smoothed  data  of  these  figures.)  Since  behavioral  data  are  notoriously  difficult  to 
categorize,  standardize,  and  record,  this  agreement  served  to  amplify  confidence  in  the 
proofs  of  Theses  A,  B,  and  C. 
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A  =  TREADLE  PRESS  TIME  FOLLOWING  TERMINATION  OF  ODORANT  FLOW 
B  —  PROBABILITY  OF  FALSE  RFSrONSE 
C  =  PROBABILITY  OF  TRUF  RESPONSE 

22.  R«t  performance  wtw  conditioning  time. 
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TIME  IN  SECONDS 


25.  Optimum  EBS  to  Odorant  Ratio.  As  described  in  detail  earlier,  some  extin¬ 
guishment  of  behavioral  conditioning  H variably  accompanies  any  operational  protocol 
»r  ..hich  a  conditioned  subject  is  rewarded  each  time  a  correct  operant  or  classical 
response  is  effected  in  response  to  stimulus.  Such  behavioral  response  is  termer!  habitua¬ 
tion,  and  the  negative  effects,  if  unobserved  or  disregarded,  can  seriously  alter  the  course 
of  an  experiment  such  as  that  under  discussion.  Further,  these  effects  will  probably  be  of 
indeterminate  magnitude  a  posteriori,  thus  leaving  an  unknown  degree  of  bias  in  the 
overall  experimental  results. 

There  is,  in  all  creatures,  a  balance  of  emotion  between  habituation  and 
anticipation  which  can  be  optimizer!  by  experiment,  and  such  optimization  is  found  by 
slowly  varying  the  ratio  of  rewarding  stiniulus  to  detection  stimulus.  In  the  instant  case, 
the  frequency  of  availability  of  EBS  was  varied  while  the  odorant  density  (olfactorv 
stimulus  level)  was  held  as  constant  as  possible. 

Ten  rats  from  Experiment  I  and  five  from  Experiment  (I  were  studied  for  the 
effects  of  unity  EBS/odorant  presence  ratio.  Habituation  «as  evident  in  those  subjects 
which  had  passed  the  40-h  conditioning  regimen  (during  which  time  a  unity  ratio  was  the 
rule)  by  about  20  h.  Although  the  diminishment  of  ihe  detection  performance — as 
evidenced  by  treadle  press— was  highly  variable  Iwtwern  subjects,  the  average  diminish¬ 
ment  observed  in  all  15  subjects  was  found  to  be  a  drop  to  about  0.7  probability  of  detec¬ 
tion.  Since  all  the  selected  subjects  had  evidenced  0.9  or  ! tetter  probability  of  detection  at 
the  end  of  their  initial  4rt-h  conditioning  regimen,  this  diminishment  of  performance  was 
significant  from  the  standpoint  of  practical  application  in  explosives  detection  service. 

As  the  EBS/odorant  presence  ratio  was  varied  from  unity  to  0.3  by  withholding 
EBS  in  a  pseudo-random  manner,  the  average  subject  liegan  initially  to  increase  his  prole 
ability  of  detection  (d  te  to  enhanced  anticipation)  and  then  extinguishment  again  ap¬ 
peared.  The  curve  of  Figure  12  represents  the  average  performance  of  the  test  subjects. 
Note  that  there  is  a  region,  termed  the  “Zone  of  Maximum  Anticipation.*'  where  the 
EBS/odorant  presence  ratio  may  be  varies!  over  rather  wide  limits  (0.7  to  0.5)  with  little 
change  in  the  observed  detri  tion  performance.  On  either  side  of  this  zone,  performance 
begins  to  deteriorate  rapidly,  especially  as  the  ratio  diminishes  past  0.3.  The  data 
boundary  point  noted  on  the  curve  represents  the  limit  lieyond  which  it  seemed  inad¬ 
visable  to  go  since  the  extinguishment  of  training  would  have  been  inimical  to  the  ex¬ 
perimental  effort.  The  extrapolation  (dashed  curve)  seems  be  appropriate,  but  actual 
data  were  not  obtained  in  the  lower  zone  for  any  rat. 

26.  Verification  of  These*  A  and  B.  Prior  to  this  research  effort,  there  were  no 
known  data  which  could  unequivocally  demonstrate  that  rats  were  able  to  detect  TNT, 
even  though  assumptions  were  voiced  to  the  effect  that  this  capability  should  exist.  It  was 
essential,  then,  that  Thesis  A  l»e  proven  valid  at  the  earliest  possible  moment  in  the 
history  of  the  research. 
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While  'theses  A  and  B  are  individual  conceptual  entities  and  verification  of  each 
was  vital  to  the  experiment,  it  heeame  apparent  early  in  the  formulation  phases  of  the  ex- 
jieriment  that  Thesis  A  was  most  convincingly  proved  l»y  the  concurrent  proof  of 
Thesis  B. 

Thus,  this  phase  of  the  exfterinient  was  designed  to  inelude  the  steps  Itelow: 

a.  'The  rat  was  shaped  as  deserihed  in  Section  II.  "METHODS  AM) 
M  \TKKIALS." 

h.  Treadle  pressing  resulted  in  KBS  self-stimulus  only  when  TNT  vapor 
was  present. 

e.  Optimal  values  for  reinforcement/ol factory  stimulus  ratio  were  determined 
(Figure  12). 

in  compliance  with  this  schedule,  each  subject  was  shafted  until  it  was  certain 
that  the  relationship  between  treadle  press  and  the  reward  of  KBS  was  firmly  established. 
Table  1  shows  a  comparison  of  the  (shafting)  self-stimulating  activity  of  10  randomly 
selected  rats.  These  data  show  that  the  subject  animals  clearly  recognized  the  relationship 
lietween  treadle  press  and  the  generation  of  the  highlv  pleasurable  KBS.  The  sessions 
enumerated  in  the  right  column  were  each  approximately  Vi  h  in  duration  with  a  max¬ 
imum  of  five  sessions  ftermitted.  Each  subject  was  tested  for  maximal  response  in  the  first 
session  by  varying  the  stimulating  signal  current  and  the  duration  of  the  hifiolar  KBS 
signal  descrilied  in  Figure  5.  Only  those  subjects  wich  would  re»[»ond  to  KBS  signals  in 
the  range  of  100  p  A  to  500  pA  were  considered  useful  to  the  program. 


Tabic  4  Self-Stimulation  Rates  During  Shaping 


Rat  ID 

Treadle  Press  Rate 
Per  Minute 

Stimulus  Signal 
Amplitude  (pA) 

Stimulus  Signal 
Duration  (ms), 

Session 

Number 

A 

t»3 

300 

4 

B 

187 

250 

300 

4 

C 

64 

.  250 

250  ’ 

4 

G* 

44 

200 

550 

3 

S 

76 

250 

250 

3 

97 

64 

“N 

98 

106 

200 

100 

200 

> 

103 

1 10 

> 

104 

170 

200 

•  Rat  U  Was.  at  (lm  point,  a  marginal  performer,  but  at  the  end  of  the  fifth  and  final  session,  he  achieved  the  mini, 
mat  requirement  of  h*>  treadle  ptesses/minute. 
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The  rationale  for  the  choice  of  these  limits  was: 


d.  1(K)  fiA  was  believed  to  represent  the  lowest  signal  rurrent  which  could  result 
in  a  reliable  stimulus  to  the  appropriate  structures  in  the  Medial  Forebrain  Bundle  in 
view  of  the  subject-to-suhjeet  anatomical  variations  and  considering  the  signal  “scatter¬ 
ing”  resulting  from  the  volume  conductor  nature  of  the  brain  tissue. 

e.  500  fi.\  represented  the  upper  limit  of  safety  from  the  standpoint  of  tissue 
destruction  resulting  from  heating  effects  and  from  electrophoresis;  further,  it  was  known 
from  earlier  experiments  that  signals  much  in  excess  of  500  /lA  could  result  in  excitation 
of  neural  structures  which  cause  Iwhavior  radically  different  from  that  desired  (see 
paragraph  14,  “EBS  Signals”). 

Ultimately.  300  fiA  was  chosen  (prior  to  formal  data  runs)  to  be  the  optimum 
stimulus  current,  and  this  level  was  held  constant  in  all  data  runs  in  both  Experiment  I 
and  Experiment  II. 

Similarly,  the  duration  of  the  EBS  signal  was  varied  in  initial  testing  and 
only  those  subjects  responding  maximally  to  stimulus  durations  ranging  between  150  ms 
and  300  ms  were  chosen  for  further  testing.  It  is  important  to  note  that  stimulus  duration 
is  not  defined  as  the  pulse  width  of  the  stimulating  signal  which  was  held  constant  at  a 
pulse  group  width  of  600  ms;  rather,  stimulus  duration  is  defined  as  the  pulse  train 
width.  Since  the  pulse  group  repetition  rate  was  set  at  100  Hz.  a  300-ms  signal  consisted 
of  30  bipolar  pulse  groups. 

This  duration  was  set  at  200  ms  (or  20  pulse  groups)  for  the  stimulus  periods 
l>etween  EE(>  data  taking  sessions,  and  thus,  a  “standard”  EBS  was  defined. 

In  addition  to  the  limits  inqtosed  on  the  acceptable  range  of  EBS  signal 
parameters,  the  rats  were  required  to  attain  a  threshold  rate  of  60  treadle  presses  per 
minute  at  the  end  of  the  fifth  half-hour  session.  Those  subjects  which  did  not  reach  this 
level  were  eliminated  from  further  experimental  service.  Rat  G  was  in  jeopardy  at  the  end 
of  his  thin!  session,  as  evidenced  by-  his  press  rate  of  44  pec  minute.  By  the  end  of  his  fifth 
session,  however,  he  achiever!  the  required  rate  of  60  per  minute. 

It  is  of  interest  to  note  that  the  self-stimulus  rate  variation  of  nearly 
four  to  one  (in  the  sample  group  shown  in  Table  4)  in  these  early  sessions  did  not  repre¬ 
sent  any  predictive  index  of  performance  as  far  as  detection  probability  was  concerned 
for  those  subjects  whieh  survived  to  the  final  phase  of  the  experiment.  Data  of  the  type 
shown  in  Table  4  were  essential,  however,  in  verifying  that  correct  placement  of  the  EBS 
electrode  harl  Ireen  achieved  during  surgery.  Clearly,  this  was  the  situation  for  all  subjects 
shown,  although  Rat  G  was  a  marginal  rase,  especially  in  view  of  the  550-ms  EBS  dura- 
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tion  necessary  to  cause  this  subject  to  stimulate  at  even  14  treadle  presses  per  minute  in 
his  third  session.  Rat  G  represented  the  lower  limit  of  acceptance  of  the  group  20  •ubjects 
surgically  prepared  for  the  second  LEG  experiment,  while  Rat  B  represented  the  up|>er 
limit  of  performance  of  this  group.  In  spite  of  his  low  self-stimulus  rate.  Rat  G  was  an  ex¬ 
cellent  detector  of  TNT.  and  he  manifested  evidence  of  extreme  pleasure  U|miii  receiving 
EBS.  Further,  he  tended  to  sniff  at  rates  in  excess  of  9'  sniffs  jier  second  when  TNT  vapor 
was  present  as  compared  to  the  group  average  of  almut  6  sniffs  per  second.  (Normal 
breathing  rate  in  the  absence  of  TNT  was  generally  about  1  rale  per  second  in  all  test 
subjects.)  A  high  sniff  rate  was  usually  present  in  those  animals  which  seemed  from 
observations  of  liehavior  to  anticipate  the  pleasure  of  EBS  to  the  greatest  extent. 

When  a  subject  such  as  Rat  G  or  B  had  shown  interest  in  self-stimulus,  the  animal 
was  then  available  for  use  in  proving  Theses  A  anil  B.  This  regimen  Itegan  by  placing  the 
subject  in  a  Faraday  Box  restraint  in  such  a  manner  that  he  had  aceess  to  a  self-stimulus 
treadle.  After  accommodating  to  the  restraint  (Figure  4).  the  subject  soon  liegau  to  self- 
stimulate  as  he  had  done  in  the  more  amicable  environment  of  his  shaping  Skinner  Box 
(Figure  11).  and  finally  all  subjects  appeared  to  lie  almost  oblivious  to  the  initially  ob¬ 
noxious  restraint  device. 

The  subjects  were  allowed  »o  self-stimulate  for  aliout  an  hour  at  a  1.0  treadle 
press/ EBS  ratio,  and  then  an  automatic  sequence  was  liegun  in  which  the  EBS  reward 
was  present  only  when  TNT  vapor  was  delivered  to  the  test  Imix. 

Figure  22  shows  the  greatly  smoothed  resjionse  of  1((  randomly  chosen  subjects 
to  this  environment.  Initially,  an  average  subject  tended  to  press  the  treadle  at  a  rather 
high  rate,  but  unless  a  press  occasionally  coincided' with  an  "EBS  UN”  mode  in  the  se¬ 
quence.  he  soon  lost  interest  in  the  treadl.  \fter  a  few  successes  in  obtaining  EBS. 
however,  the  interest  was  renewed  as  evidenced  by  extended  high-rate  pressing  for  up  to 
15  s  or  20  s  after  EBS  was  discontinued  (Curve  A).  After  about  30  S-h  sessions,  this  ex¬ 
tended  |tost-EBS  pressing  had  nearly  disappeared,  which  implied  that  the  subject  had 
most  probably  begun  to  recognize  that  EBS  would  lie  forthcoming  only  when  TNT  vapor 
was  present  in  the  test  chandler.  At  the  end  of  the  fortieth  1-h  session,  the  average  subject 
had  reduced  his  false  signaling  probability  to  about  0.10.  and  he  had  brought  his  true 
alarm  signaling  probability  to  aliout  0.B5  or  better,  as  shown  in  Curve  C. 

The  foregoing  description  greatly  simplifies  the  regimen  required  to  achieve  the 
final  test  sequence  which  was  derived  after  many  trials  with  -10  rats  during  a  jieriod  of 
nearly  2  yr.  The  reader  is  exhorted  not  to  view  the  simple  denouement  as  a  measure  of  the 
difficulty  of  the  experiment.  Numerous  variants  of  the  filial  procedun  were  attempted. 
For  example,  the  session  length  was  varied  from  15  min  to  150  min;  the  EBS  duration 
was  varied;  the  re'  traint  was  altered  or  even  eliminated,  and  so  on  through  numerous 
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iterations  of  test  parameters.  Toward  the  end  of  these  preliminary  trials,  the  only 
variables  which  remained  unresolved  were  session  length  and  olfactory  stimulus  intensi¬ 
ty.  It  was  decided  that  a  change  in  odorant  intensity  was  not  advisable  at  any  point  in  the 
formal  proof  of  Theses  A  ami  B,  since  it  introduced  an  unnecessary'  factor  which  yielded 
no  useful  results  in  this  research  effort. 

Thus,  the  procedure  for  verifying  Theses  A  and  B  was  derived  and  applied  to  the 
test  groups  in  each  of  the  overall  experiments  as  noted  above.  At  the  end  of  a  40-h  test  se¬ 
quence,  the  average  subject  clearly  verified  the  Theses  by  his  behavior.  In  the  absence  of 
TNT  vapor,  the  subject  generally  ignored  the  treadle  after  alxiut  30  h  of  conditioning,  ex¬ 
cept  for  an  occasional  random  press  (perhaps  this  represented  an  attempt  to  hasten  EBS, 
or  just  "to  see  if  anything  good  would  hap|»en”).  When  TNT  vapor  was  present  at  the 
40-h  point,  the  animal  Itegan  furiously  to  press  the  treadle  in  an  attempt  to  extract  the 
'  maximal  pleasure  from  what  it  may  have  come  to  recognize  as  an  ephemeral  event.  As 
noted  earlier,  there  was  approximately  a  500  ±  70-ms  transit  time  during  which  the 
TNT  vapor  Indus  leading  edge  traveled  from  the  solenoid  valve  to  the  test  chamber.  By 
using  the  solenoid  energizing  signal  as  an  t>scilloscope  trigger,  it  was  always  possible  to 
observe  the  first  treadle  press  signal  and  thus  a  measure  of  latency  was  obtained.  It  is  not 
possible  to  accurately  define  true  physiological  latency  in  this  manner,  however,  since 
uncertainty  in  odor  Indus  transit  time  was  so  great,  and  apparently  the  animals 
occasionally  were  subject  to  spells  of  initial  inattention— as  are  humans  in  long,  boring 
waits— and  this  factor  possibly  could  add  several  milliseconds  to  the  apparrnt  latency. 
However,  it  was  always  observed  that  the  first  treadle  press  was  achieved  within  1  second 
of  the  origin  of  the  trigger.  Considering  also  that  the  concentration  of  the  odorant  Indus 
leading  edge  was  probably  lower  than  that  at  the  center,  some  indeterminate  delay  in 
signaling  may  have  tn*en  due  to  an  inadequate  olfactory  signal  or  diurnal  variations  in 
id  factory  sensitivity.  In  any  event,  the  response  was  always  rapid  when  TNT  vapor  ap¬ 
peared,  and  the  treadle  press  rate  usually  approached  that  achieved  in  self-stimulus  ses¬ 
sions  during  the  final  shaping  experiments.  For  example.  Rat  B  was  observed  on  several 
occasions  to  be  pressing  at  a  rate  of  170/min  during  the  10-s  "TNT  ON”  time  which  cor¬ 
responds  well  with  the  rate  shown  in  Table  4  for  his  fourth  self-stimulus  session.** 
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No  forma*  data  trialing  to  pre*«*  rate  were  amimuliilrd  after  rail  animal  had  aHimnl  at  leant  the  required  minimum  rale  of 
httfmin  within  five  training  »e>**on*.  «inr*  thme  tiala  were  subject  to  wane  degree  of  diurnal  variatind  and  were  <*f 
no  former  aide  value  to  the  experimental  protocol  or  result*.  <h»  orra»Mm.  each  animal  war  placed  in  a  Skinner  Rot  and 
idwened  casually  simply  to  assurr  the  led  ofvrilon  that  no  regressive  l»eha*uif  pattern*  had  her* one  established.  No  significant 
I  >20  percent!  diminution  of  |»rrwi  rate*  were  ever  noted  •iilMT'fuent  to  final  shaping  tinle**  ■everal  week*  of  Itital  inaiiivity 
had  orrurred  I  at  wren  tr*i  smions.  No  oliwenaliott*  were  made  after  ctamical  conditioning  wa*  begun.  once  no  irrodlr  prewing 
war  again  allowed  after  (hi*  milestone  wa*  achieved. 
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The  probability  that  the  observed  behavior  is  due  to  pure  chance  is  small. 
It  would  have  been  necessary  to  apply  various  statistical  tests  (T-Test,  etc.)  had  the  results 
indicated  signaling  probabilities  in  the  presence  of  TNT  vapor  of  0.50  or  less,  and  signal¬ 
ing  in  the  absence  of  TNT  to  be  0.30  or  greater.  Since  these  signaling  levels  were  never 
observed  in  subjects  which  survived  the  first  10  h  of  a  TNT/EBS  pairing  test,  it  was  not 
considered  necessary  to  resort  to  statistics  for  any  type  of  assurance  as  to  the  validity  of 
the  observed  results.  It  is  significant  to  note  that  earlier  work'4  with  dogs  resulted  in 
much  the  same  l>ehavioral  patterns  only  after  several  months  of  operant  conditioning. 

The  realization  that  rats  could  be  so  rapidly  and  effectively  trained  was 
gratifying. 

It  is  important  to  stress  at  this  point  that  the  exact  nature  of  the  olfactory  cue 
was  never  a  matter  for  investigation  in  this  research.  Certainly  military  grade  TNT  con¬ 
tains  several  substances  in  addition  to  2,4.6-trinitrotoluene,  but  these  substances  are 
alwavs  present  in  approximately  the  same  proportions  in  all  samples  of  militai'v  grade 
TNT,  and  thus  it  is  of  no  consequent**  to  this  research  if  the  animal  identifies  one  compo¬ 
nent  or  all  components  of  this  explosive,  since  detection  of  the  aggregate  substance  is  the 
desired  ex|»erinieutal  goal.  Further,  the  matter  of  distractants  was  not  pertinent,  and 
hence  this  avenue  of  investigation  was  not  explored  in  this  resea-xh.  It  is  evident  from  Ar- 
mv  research  with  canines  that  certain  substances  (e.g..  cocaine)  applied  topically  to  search 
areas  can  reduce  the  olfactory  sensitivity  to  the  vanishing  point,  but  there  would  have 
lieeiino  merit  in  pursuing  this  matter  during  these  experiments  since  the  protocol  sought 
only  to  prove  that  detection  could  occur  and  that  this  act  could  lie  made  evident  by  the 
biosensor  animal. 

Similarly,  no  extensive  effort  was  made  to  find  the  ’‘ultimate"  neutral  stimuli 
since,  in  effect,  any  olfactory  stimulus  other  than  TNT  was.  by  definition,  neutral,  and 
degrees  of  neutrality  were  of  no  interest.  In  the  long  term,  the  matter  of  distractants  (or 
non-neutral,  noil-desired)  stimuli  will  lie  of  interest  to  the  overall  program  of  the  sponsor, 
but  such  investigations  were  totally  lieyond  the  scope  and  intentof  the  instant  program. 

In  summary,  it  was  unequivocally  shown  bv  this  erqierinieiital  sequence  that  rats 
could  in  fact  detect  the  inlor  of  TNT  va|Mir  and  that  these  mammals  could  lie  trained  to 
signal  reliably  when  thev  were  aware  of  the  presence  of  the  TNT  vapor.  Thus  Theses  A 
and  K  were  shown  to  be  valid  assumptions,  and  the  priH'edures  for  inducing  this  condi¬ 
tioned  liehavior  were  entirely  justified  for  continuing  use  throughout  the  remainder  of  the 
experimental  effort. 
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27.  Verification  of  Thesis  C.  At  the  conclusion  of  the  test  series  which  demon¬ 
strated  the  validity  of  Theses  A  and  B,  it  seemed  evident  that  Thesis  C  would  l>e  relatively 
simple  to  verify  and.  in  fact,  this  was  the  situation.  Using;  the  conditioning;  regimen 
descrilied  earlier,  five  naive  hut  hehaviorally  shaped  subjects  were  chosen  from  the  early 
population  of  animals  used  in  Kxgteriment  11.  Each  test  subject  was  given  identical 
TNT/EBS  pairings,  thus  stimulating;  sequentially  what  would  have  occurred 
simultaneously  had  sufficient  laboratory  facilities  been  available. 

The  learning;  patterns,  while  exhibiting;  variations  due  to  the  ever-present 
physiological  and  psychological  differences  in  subjects,  were,  overall,  similar  to  the 
general  trends  shown  in  Figure  22.  ami  at  the  end  of  the  40-h  training;  periods,  all  sub¬ 
jects  were  performing;  w  ithin  limits  of  about  ±30  perrent  to  the  parameters  of  Figure  22. 
These  limits  compare  favorably  with  the  recorded  performance  on  canines  in  earlier  ex- 
periments.** 

There  are  several  potential  sources  of  error  in  applying  sequential  training 
to  a  simulation  of  simultaneous  training,  but  the  magnitude  of  these  probable  errors  are 
of  secondary  importance  when  one  considers  the  individual  jierformance  differences 
known  to  exist  across  the  total  subject  population,  even  Isi  the  “clone-like”  population  of 
the  Sprague-I)aw  ley  rats.  One  source  of  experimental  error  is  the  diurnal  variation  in 
relative  humidity  observed  in  the  laboratory.  Over  the  5-dav  intensive  test  period  used 
here,  relative  humidity  varied  between  60  and  80  |»eirent  with  in-test  variations  of  5  per¬ 
cent  or  less,  while  the  temperature  of  the  ambient  air  was  held  to  the  range  of  70°  F  to 
75°  F.  These  two  environmental  factors  will  result  in  some  variation  in  the  Com  entration 
of  TINT  in  the  odorant  bolus  delivered  to  the  subject,  and  these  variations  could  cause 
some  variation  in  the  detection  jarformance  of  the  subjects.  No  valid  argument— pro  or 
con — can  l>e  made  for  the  magnitude  of  this  physiological  variance,  since  the  present 
knowledge  of  the  entire  olfactory  process  Istrders  on  ignorance.  Further,  since  it  was 
always  assumed  that  the  odorant  signal  was  well  above  the  threshold  for  any  normal  sule 
ject.  these  small  variations  in  odorant  concentration  are  most  probably  insignificant  as 
far  as  this  research  is  concerned. 

Of  far  greater  significance  is  the  diurnal  variation  in  the  psychological  factors 
attendant  to  detection,  and  these  effects  would  |iertain  regardless  of  whether  the  testing 
was  sequential  or  simultaneous.  Certainly  rats  exhibit  daily  changes  in  mood  as  do  all 
mammals,  hut  the  rat.  probably  by  virtue  of  its  lesser  intelligence,  does  not  manifest  the 
great  swings  in  willingness  to  [>erform  a  given  task,  which  is  routinely  observed  in  dogs 
(and  humans).  The  psychological  factors  cannot  i>e  realistically  evaluated  in  objective  or 
quantitative  terms.  The  collective  observation  of  tlie  research  team  indicated  that  a  diur¬ 
nal  variance  in  a  perceived  “eagerness  to  work"  of  perhaps  5  or  10  percent  occurred 
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across  all  subjects.  Since  such  observations  cannot  be  given  great  scientific  credence.  Me 
impact  of  psychological  faetors  and  observed  behavioral  minutiae  were  adjudged  to  be  of 
marginal  significance  in  the  proof  of  Thesis  C.  especially  since  all  research  participants 
agreed  that  "little  variation”  was  evident  in  individual  subject  |ierforniance  throughout 
anv  40-h  test  period.  Since  it  was  not  possible  to  evaluate  accurately  the  psychological 
status  of  any  test  subject  at  any  time,  one  can  only  assume  that  anv  subject  was  o|>erating 
(as  a  detector)  at  some  “near  mid-point”  between  its  maximum  and  minimum  limits  at 
anv  given  time.  If  this  premise  is  acceptable,  then  *he  possibility  exists  for  indeterminate 
uuit-to-unit  variations  in  performance,  regardless  of  whether  the  units  were  tested  sequen¬ 
tially  or  simultaneously,  and  therefore  a  sequential  test  program  can  indeed  simulate  a' 
simultaneous  test. 

It  is  most  important  to  note  here  that  the  continuously  observed  indifference  evidenced 
b\  all  test  subjects  toward  man  as  an  individual  argues  strongly  in  favor  of  the  concept  of 
automatic  training,  since  even  if  the  test  o|»erators  were  changed  several  times  during 
training,  there  would  be  no  resulting  impact  upon  the  depth  of  conditioning.’* 

This  final  factor  is  of  great  significance  not  only  to  the  immediate  test  results, 
but  in  consideration  of  future  systems  employ  ing  rats  as  biosensor  detector  elements,  since 
the  optimal  biosensor  animal  must  be  one  which  requires  no  emotional  lies  to  any 
human  element  in  system  operation. 

Considering  the  arguments  above,  it  is  possible  to  stale  that  the  assumption  of 
Thesis  C  is  valid. 

28.  Verification  of  Thesis  D.  It  liecame  apparent  through  behavioral  observations' 
in  khe  earliest  phases  of  this  research,  that  an  emotional  event  of  extreme  intensity  was  in¬ 
duced  by  the  arrival  of  the  TNT  vapor/air  mixture  at  the  nares  of  projierly  trained  test 
subjects.  Similarly,  it  was  apparent  that  little  or  no  excitement  was  manifested  by  the  side 
jects  when  neutral  olfactory  stimuli  were  delivered.  Even  totally  naive  observers  were 
almost  immediately  able  to  determine  the  nature  of  the  applied  olfactory  stimulus  by 
»implv  watching  the  gross  behavioral  changes  which  occurred  following  activations  of  the 
iHlorant  delivery  relays.  Comparison  of  these  “blind  test”  observations  with  a  pre-planned 
stimulus  delivery  schedule  demonstrated  that— after  •  perhaps  5  min  of  test  observa¬ 
tion— the  observers  could  correctly  state  which  relay  activations  •  caused  TNT  vapor 
delivery  and  which  'allowed  a  neutral  stimulus  to  pass  to  the  subject. 

Emotional  events  of  this  magnitude  surr  mist  result  from  strong  excitation 
of  some  undefined  focus  or  foci  in  the  brain  of  the  test  subjects.  The  most' likely  locus  for 
these  foci  is  in  the  structure  of  fhe  lir  Sic  system,  and  one  would  therefore  exjiect  to  find 
the  strongest  event-related  potentials  in  the  cingulate  EEC  electrode. 

H6 

T«  ptrrltitlf  even  a  *MjEgr«*tion  of  Tmr  in  rtHirejit  during  thiy  r**«<ar»  h.  mtiy  one  oftrrator  employed  in  the 
etfieriment  for  Thed*  even  ll  .^h  three  year*  of  e\|»erien<*e  argued  that  rat*  are  totally  indifferent  to  nhieh  human  i*  present 
,  and/or  which  human  i* handling  them  physically  nr  operationally. 
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While  all  analyses  were  directed  first  to  the  ensemble  of  three  electrodes,  the  final 
analysis  ultimately  was  concentrated  in  extensive  examination  of  cingulate  electrode 
signals. 

For  the  sake  of  historical  completeness,  the  analytical  methods  which  yielded 
minimal  results  will  be  summarily  described  first.  Following  these  descriptions,  the 
algorithms  which  successfully  elucidated  event-related  spectral  features  will  be  discussed 
in  depth. 

a.  Pearson  Product  Moment  Correlations.  In  Experiment  I,  the  raw  analog 
were  fed  into  the  data  system  described  in  Section  II.  In  this  system  an  analog  filter  ad¬ 
mitted  frequencies  between  1.0  Hz  and  39.0  Hz  (12-dB/octave  roll-off)  to  a  Schmitt  trigger 
which,  in  turn,  delivered  a  series  of  pulses  which  were  the  analog  of  the  baseline  crossings 
of  the  applied  EEC  signals  (see  Figure  17).  Only  signals  from  desired. data  epochs  were 
allowed  to  pass  through  the  gate  in  the  signal  stimulus  detector. 

The  desired  epochs  thus  delivered  triggers  to  the  Computer  of  Average  Transi¬ 
ents  (CAT)  which  scanned  through  its  addresses  (at  a  3.2-kHz  rate)  in  the  intervals 
between  triggers.  The  digital  processing  in  the  CAT  allowed  for  combining  like  addresses 
in  the  26  EEC  frequency  bands  shown  in  Table  3,  thereby  generating  histograms  of  time- 
in-band  versus  frequency  band. 

The  hist 'grams  so  derived  then  represented  the  relative  power  spectral  density 
of  the  data  epoch  -'rider  examination.  Computations  of  this  type  were  made  for  the 
following  permutations  of  stimulus  events: 

Pre-TNT  vs  Post-TNT. 

Pre-Neut  vs  Post-Neut. 

Pre-TNT  vs  Post-Neut. 

These  data  were  then  presented  to  a  PDP-11/44  digital  computer  programmed 
to  perform  Pearson  Product  Moment  Correlations  upon  these  histogram  data  from  the 
CAT.  The  correlations  were  made  from  the  26  data  points  in  the  power  spectrum  in  the 
permutations  shown  above. 

Briefly  stated,  the  Pearson  Correlation  is  described  as: 

Let~X  =  (X,.  X2 . Xn) 

f=<Y,,V* . V.) 

Correlation  between  X  and  Y  is  accomplished  by  pairing 

(X,,  Y,),  (Xj,  Y2) . . .  (XB,  Yj 
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The  general  results  are  avaiiahte  from  these  <ia'a.  From  the  CAT.  the  relative 
|Hiwer  >j*eetral  density  lie! ween  events  can  l>e  examined,  and  from  the  Pearson  Correia* 
lions,  a  measure  of  the  statistieal  relevancy  of  the  examined  events  mav  Ik*  ohtained. 

If  the  background  EEC  signals  were  statistically  stationary  during  the  period  of 
a  data  epoch.  then  this  technique  would  have  considerable  merit  since  it  is  sensitive  to 
changes  in  the  s|K*ctral  density  so  derived.  However,  even  in  test  subjects  which  are  quies* 
cent  physically,  the  EEC  is  far  from  satisfactory  even  over  a  l*s  interval.  Over  an  8-s  in¬ 
terval.  such  as  was  used  in  this  earlv  attempt,  it  was  soon  evident  that  the  Pearson 
method  cannot  aeeomnuHlate  the  background  signal  variations  resulting  from  normal 
brain  activity. 

The  data  were  examined  for  evidence  of  low  correlation  coesficient  numbers 
which  would  indicate  that  a  change  in  spectral  density  had  iM-curred  which  was  uniquely 
related  to  the  stimulus  event  m'curring  in  the  post-stimulus  data  e|HH*h.  it  was  postulated 
that,  when  comparing  c|hk*Iis  with  high  stationari'v,  high  correlation  coefficients  would 
ap|M*ar  when  a  stimulus  other  than  TNT  «M*curred  and  low  coefficients  would  appear 
when  a  TNT  stimulus  caused  an  anticipatory  shift  in  the  post-stimuius  cortical  EEC  spec¬ 
trum. 

A  glance  at  Tables  5  and  6  (which  depict  data  from  Ex|»eriinent  II)  will 
show  that  this  ideal  situation  does  not  exist.  Table  5  shows  a  slightly  higher  mean  value 
for  the  coefficients  than  does  Table  6.  and  one  is  tempted  to  assign  significance  to  the  fact 
that  there  is  a  greater  shift  in  the  pre-event/ post-event  TNT  coefficients  than  existed  with 
pre-event/(M>st-event  neutral  stimulus  data.  Tables  5  and  ;  depict’ only  brief  samples  of 
the  data  mass,  but  nothing  of  great  significance  was  found  by  this  method  when  over  100 
data  epwhs  were  examined  by  the  Pearson  Correlation  Method. 

It  was  also  tempting  to  ascri!>e  significance  to  observed  changes  in  each  of  the 
26  EFC  frequency  bands,  and.  in  fact,  early  in  Experiment  I  it  ap|H*ared  that  there  was 
an  increase  in  “normal”  spectral  density  in  bauds  I  thn  ugh  4  and  bands  25  and  26 
when,  and  only  when.  TNT  stimuli  were  present.  The  T-tesl  gave  some  indication  that 
statistically,  a  change  did  occur,  but.  overall,  the  results  sere  too  nebulous  to  consider 
from  the  pragmatic  credo  which  drove  the  experiment.  Fo  ■  this  reason,  the  Pearson  cor¬ 
relation  methtw!  was  abandoned  in  Experiment  I.  It  was  tested  again  in  Experiment  II  (as 
noted  in  Tables  5  and  6)  and  again  there  was  no  significant  merit  to  the  methwl.  and  thus 
this  signal  treatment  approach  was  finally  dropped  from  further  consideration. 
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Table  5.  Pearson  Product  Moment  Correlations:  Neutral  Event 
Session  2  (Analog  Tape  2A) 

Rat  B 

Pre-Event/Post-Event  Correlations 


Event  No. 

EEG  Site* 

Correlation 

1 

P 

0.289 

2 

0 

0.357 

4 

P 

0.549 

5 

0 

0.663 

7 

P 

0.525 

8 

0 

0.610 

10 

P 

0.504 

11 

0 

0.369 

13 

P 

0.782 

14 

O 

0.831 

16 

P 

0.732 

17 

0 

0.651 

•P  =  Parietal 
•O  «  Occipital 

Pre-event  »  4  s  prior  to  olfactory  stimulus. 
Post-event  »  4  s  after  arrival  of  olfactory  stimulus. 
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Table  6.  Pearson  Product  Moment  Correlations:  TNT  Event 
Session  2  (Analog  Tape  2A) 

Rat  B 

Pre-Event/Post-Event  Correlations 


Event  No. 

EEG  Site* 

Correlation 

1 

P 

0.401 

2 

0 

0.342 

4 

P 

0.644 

5 

O 

0.646 

7 

P 

0.722 

8 

o 

0.532 

10 

p 

0.347 

11 

o 

0.100 

13 

p 

0.139 

14 

16 

17 


*P  »  Parietal 
*0  »  Occipital 

Pre-event  *  4  $  prior  to  olfactory  stimulus. 
Post-event  *4s  after  arrival  of  olfactory  stimulus. 


b.  Spectral  Separator.  In  an  attempt  to  loeate  the  most  applicable  technique 
for  identifving  the  presence  of  an  unknown  signal  in  noise,  several  organization'  which 
were  known  to  offer  expertise  in  signal  feature  extraction  techniques  were  contacted.  \ 
promising  algorithm  discovered  during  this  search  was  the  proprietary  technique  devised 
hv  KNSCO.  Ineoqcorated.  of  Springfield.  Virgina.  which  was  termed  S[»ectral  Separator. 
This  technique  was  originated  In  measure  spectral  differences  between  two  classes  of 
events — with  no  a  priori  knowledge  of  either  event— which  was  the  presumed  case  with 
the  KK(»  epochs. 

Assume  that  there  are  iif  data  segments  for  tv[>e  A  data,  and  that  there  are 
n,  data  segments  for  type  H  data.  Spectral  Separator  then  functions  as  follows: 

The  power  spectra  of  type  A  events  is  formed  and  averaged  over  all  n^  samples: 

•  n.  ' 

p,(«)  =  -  E  ?,.«*»  <*> 

"a  i-l 

where 

i  =  ith  record 

u>  =  measure  of  fretpienev 

also: 

nb 

pb(w)  =  —  E  pb .<«>  <*> 

nb  i=l  ‘ 

Then  the  variance  of  tyj>e  A  and  type  B  events  is  calculated: 


and  &2 

b 
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From  the~e  -tcp-  is  derived  the  relation-hip: 

(10) 

and  S)u)|  is  termed  the  estimator  or  Spectral  Separator. 

Non  assume  that  a  new  event— a  new  data  record— l*eeomes  available,  and  its 
|K»wer  speetrtim  Pjutl  is  formed.  Combining  I’jo))  with  S(ai)  to  fonn  R: 

t  w  max 

R  =  - ! -  £  IPX(W)‘  S(U)1  (11) 

wmax  w=0 

where  u)  max  =  maximum  frequency  examined. 

R  tends  to  he  small  if  the  new  event  lielongs  to  the  set  of  ty|>e  A. 
and  tends  to  lie  large  if  the  new:  event  is  of  the  set  of  tvpe  It. 

Over  a  large  unrulier  of  events,  a  distribution  normally  'occur*  wherein  the 
values  for  R  for  tyjie  A  events  are  separated  from  the  grouping  of  values  of  R  for  type  B 
events  as  shown  in  Figure  2.'1.  R(),  the  group  intersection  point,  is  chosen  and  the  premise 
is  made  that: 

if  R  >  R„  then  a  ty|ie  B  event  is  likely; 

if  R  <  R(1  then  a  tyjie  A  event  is  likely. 

.  The  greater  the  separation  of  R  values  for  tv|ies  A  and  B  events,  the  more 

diss^uilar  the  classes  of  events.  When  the  differences  are  blurred— that  is.  when  values  of 

R  fall  nearly  equally  on  either  side  of  R((  for  each  class  of  events— then  there  is  low 
probability  that  two  distinct  classes  exist,  and  the  events  are  therefore  random  occur¬ 
rences. 

This  techniipie  is  es|iecially  sensitive  to  class  differences  since  it  searches 
only  for  sjiectral  differences,  ami  then  it  weighs  these  differences  by  their  respective 
variances. 
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The  plot*  of  Figure  24  show  the  distribution  of  R  values  for  a  sepm-.ii  of  data 
set  5A  (for  Rat  (J).  It  is  tempting  to  examine  surh  data  and  to  visualize  an  envelope  to  the 
A  and  B  groupings  of  R  values,  and  indeed,  Sjiectral  Separator  appears  to  show,  in  this 
instance,  some  separation  of  R  values  for  both  neutral  and  for  TNT  stimuli,  but  the  dif¬ 
ference  is  slight,  and  statistically  there  is  no  real  evidence  of  a  significant  difference 
l>e tween  R  groupings  for  the  two  classes  of  stimuli,  as  is  apparent  from  the  values  for  the 
mean  (p)  and  for  the  standard' deviations  (or).  Thus  the  technique  is  of  value  w  ith  the 
data  available.'7 

Failure  of  Spectral  Separator  did  not  preclude  the  existence  of  an  AKSF;  rather, 
this  failure  implied  that  the  spectral  variation  is  either  too  random  in  structure  or  too  low 
in  amplitude  (or  both  of  these)  for  this  method  of  detection," 

c.  The  Covariance  Process.  One  of  the  two  successful  signal  analvsis 
processes  used  for  the  proof  of  Thesis  l)  was  an  algorithm  in  the  general  form  of  the 
(iovariance  process.  The  process  used  may  He  descril>ed  by  the  basic  considerations 
below.' 


^  TV  data  of  hpfrimrnl  I  mil  Infftlnitcf  rv»  rrtano  n*  oitvimi*  for  u*m*  (him*  |M4rnliallt  lm  **rlr«n"  ml*. 

HR 

l)Ha  fWivrd  from  the  Htrrmlul  analtin  *How  that  thf  signal  ii  m4  ramttM).  mrrrlv  l«re  in  umf>li(o«V. 
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If  we  let  each  of  M  sampled  functions  of  time  be  represented  as: 


X.  =  xk.  .  •  .  -  xk 

*'j  ^  •'i  **2 


(12) 


where  the  nieioi  of  eaeh  function,  taken  over  an  interval  from  i  to  i  +  A  is: 


x*,<A>  -  -~t  e*Kj 


(13) 


A  +  1 


j*i 


and  the  variance,  over  the  same  interval  is: 


o1  (A)  =  JL 
A 


t+A 


E  ^XKj  XKj^^J 

j'i 


(14) 


By  definition,  the  normalized  average  cr<»es  product  of  any  two  functions,  K  and  H,  is  the 
correlation  coefficient: 


Cj(XK ,  XH,  A) 


*+A 

El 

j*' 

xKj 

XK 

K) 

-  X„.(4>] 

i*A 

i+  A 

E 

XKi(  _  XKj(A)]J 

E 

J’i 

[xh.-XHi(A)]1 

Since  the  normalization  is  with  respeci 

C(X 


Considering  now  all  possild 
relation  coefficient  mairix  is  ronfigu 


v> 


(15) 


t  to  the  derivation,  a,  we  have: 

,,  XK.  A)  =  l. 


(16) 


e  combinations  of  K  and  H  in  equation  4,  the  cop¬ 
ied  as: 


CiiX,,XllA)  CV<  X , ,  X2 .  A)  CifXI,X,.A)....riX,,Xn.A) 
Cj(X2,XI,  A)  C.(X2 ,  X2 ,  A)  C.(XJ,XJ,A)...ri(X,.Xn<  A) 
C/Xj.XlAi  r<X3,  X2,  A)  (  jtXj.Xj.AK  -  .C^Xj,  xn  A) 


^C((Xn ,  X, ,  A)  Cj(Xn ,  Xj ,  A)  C\(Xn.X3,A)...C(Xn.Xn.A)J 

F.xaniination  of  the  matrix  reveals  that  it  is  symmetrical  ahont  the  diagonal.  It 
is  then  apparent  that  only  half  the  matrix — excluding  the  diagonal— need  he  calculated. 


From  equation  16: 


<:,<xr  xr  A)  =  i 


and  C(X2.  A)  =  1  and  on- 

From  equation  15:  Xv  A)  =  C(X„.  XK.  A)  and  so  on. 

If  A  is  termed  the  “sample  window."  then  this  X*  matrix  is  defined  for 
every  sample,  i.  In  order  to  simplify  the  insertion  of  the  ensemble  covariance,  the  v.  rms 
of  the  matrix  thus  calculated  are  summed  and  averager!  as: 


A,(A)'  = 


(T  M.fAVr1  -  N) 
<NJ  -  N) 


where  T  is  .a  vector  of  length  N  (1.  1,  1 . )  (note  that  the  diagonal  (s  not 

included).  A,  then,  has  the  projterty  such  that: 


1  2  A(A)  a  -I 

and  A  is  zero  for  ensembles  which  do  not  eovary. 

In  the  Figures  25  through  39.  the  curves  displayed  are  plots  of  A^A). 
The  values  of  A.  given  in  data  points  |>er  second,  are  shown  on  each  individual  plot. 
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covariance  coefficients  for  interval  T0  for  25  data  epochs.  Rat  C. 
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Figure  28.  Main  of  normalized  covariance  coefficient*  for  neutral  ard  TNT  itimuli;  165  experiment*  acton  >11  r»t». 
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Figure  28.  Normalized  All  covariance  mean*  by  rat  during  interval  T0. 


Figure  29.  Normalized  All  covariance  means  by  rat  during  interval  T+1. 


Fij|ur«  30.  Mean  of  covariance  for  All  covariance  meant  at  time  220/512  in  T <t>  at  a  function  of  A. 


MEAN  OF  A31  COVARIANCE  COEFFICIENTS 


Figure  31.  A31  covariance  mean  of  All  covariance  meant  of  individual  rats  during  interval  T— 


100 


Figure  33.  A31  covariance  main  of  All  covariance  meant  of  individual  raft  during  interval  T+1 
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Figure  36.  Normalized  ull  covariance  meant  by  rat  during  interval  N+1. 


covariance  means  of  individual  rats  during  interval  N— 
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Ill  order  to  maximize  flu*  covariance  of  the  desired  signal  feature',  one 
max  varx  the  width  of  the  sampling  window.  A.  until  the  optimum  mean  value  of 
covariunce  coefficients  is  obtained  for  the  sjiecific  feature  desired.  It  must  he  kept  in 
mind  during  this  process  that  the  nundier  of  eoxariant  event*  will  decrease  as  A  is  in- 
ereased.  and  conversely.  more  exents  will  eoxarx  as  A  Iieeomes  smaller. 

This  relationship  is  evident  from  eo'«side*-atioii  of  the  nature  of  random  and 
pseudierandom  exents.  (riven  a  window  whirh  narrow  and  whieh  examines  a  large 
ensemble  of  event*,  the  probabilitx  of  two  or  more  events  carrying  in  the  window  is  miieh 
greater  than  for  the  ease  of  a  wide  window  whieh  examine*  a  nmeh  larger  population  of 
the  *ame  data. 

For  the  data  u*ed  in  the  proof  of  Thesis  I)  (obtained  from  Fxiieriment  II) 
the  eoniputer  was  used  to  plot  covariance  mean*  versus  window  width  for  all  data  point 
xalue*  of  A  I  vet  ween  I  and  100  for  a  *|>ecific  feature.  such  a*  that  seen  at  data  jwiinl  220 
in  Figure  21.  For  thi*  and  certain  other  plots,  the  optimum  value  for  A  was  found  to  l«- 
1 1  data  [Miints  and  thi*  is  designated  on  all  appropriate  plots  as  A1 1.  Six  of  the  Figures 
(Figures  II.  .12.  31.  IT.  18  and  10)  were  plotted  using  A  =  II  data  point*.  The  reasons 
for  the  different  window  *i/.es  will  lie  rii*ci«**ed  in  the  text  to  follow. 

d.  fioxarianer  in  KK<»  Signals.  It  i»  inifNiiiant  to  eon-ider  the  “physical" 
signifieanee  of  the  eoxariauee  proves*  a*  it  relate*  lo  the  data  of  the  ex[M>rinient.  The  KK(» 
i*  not  a  *ati*faetorv  *tationarv  event  taken  a*  a  whole.  <inee  the  »ignal*  whieh  comprise 
this  waveform  are  apparently  the  result  of  neural  events  whieh  are  individuallx  non* 
cyclic.  or  at  l»e*t  a|ieri<Mlie.  for  the  most  part.  There  are  certain  muscle  artifacts  whieh  an* 
exelie  and  even  *omewhat  eonslant  in  freipienex  oxer  short  time  |teriod*  (bn‘athing.  heart 
aelion.  ete.|  hut  then*  i»  no  sound  exidenee  that  there  is  significant  eortieal  aetivity  related 
lo  the**  routine  exents.  Occasional  inten*e  muscle  activity.  *ueh  as  heavy,  deep  sniffing, 
clawing,  gnawing,  and  so  on.  max  cause  motor  cortex  aetivity  whieh  is  briefly  a  sta¬ 
tionary  event  in  the  KK(i.  and  these  eortieal  activities  can  conceivably  occur  in  lime  syn- 
chmny  with  other  event*.  *uch  as  the  solenoid  activation  signal  (the  trigger  signal).  Fur* 
ther.  it  is  extn*melx  likely  that  muscular  activity  «  ich  a*  this  ran  cause  KK<»  artifacts  due 
to  muscle  action  |totrnlial«.  .especially  if  these  |>olcutinl»  originate  in  the  general  area  of 
the  head  and  neck. 

Since  the  covariance  procr«*  *crxr*  to  define  arras  of  signal  features  across  an 
ensemble  of  data  which  vary  in  the  same  manner  hut  which  do  not  necessarily  exhibit 
similar  degree*  of  amplitude  variation,  it  i»  always  |io*»ihtr  that  a  large  motor  signal 
could,  by  chance  lend  lo  eoxarv  a*  does  a  cortical  neural  signal  of  much  lower  amplitude 
which  wa«  generated  in  re*|M>ti*c  to  olfactory  stimulus  recognition  ami  KBS  anticipation, 
thus  causing  greater  degree*  of  eoxariauee  than  would  exist  for  an  \KS< .  alone.  It  is  not 
|*o*»ihlr.  a  |Hi*»eriori.  lo  identify  .muscle  action  potential  artifacts,  nor  was  it  feasible  to 
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continuously  observe  and  record  muscle  activity  in  the  test  subjects.  The  rats  were,  as 
described  es-  der,  radically  restrained  and  did  not  appear  to  lend  toward  either  con¬ 
tinuous  or  even  sporadic  struggling  after  accommodating  to  the  restraint,  but  head  and 
neck  musculature  was  most  certainly  in  action  during  some  portion  of  all  test  periods, 
and  thus  one  must  cite  these  structures  as  the  probable  source  of  much  of  the  F.EG  artifact 
content. 

e.  Detail  ronsideration  of  the  Signal  Analysis.  Prior  to  discussion  of  the 
specific  details  of  covariance  signal  analysis  and  feature  extraction,  it  is  necessary  to 
define  the  various  terms  used  in  the  signal  processing  output  plots.  , 

As  noted  in  an  earlier  section,  the  basic  data  epochs  in  the  digital  data  con¬ 
sisted  of  the  time  intervals  ranging  from  4  s  prior  to  the  trigger  to  4  s  subsequent  to  the 
trigger.  These  ep<*chs,  in  turn,  were  extracted  from  the  continuous  analog  data  which  con¬ 
tained  several  hours  of  background  signals  interspersed  with  the  test  periods  in  which 
10  s  of  olfactory  stimulus  was  applied.  As  preiiminary  analysis  progressed,  it  became  ob¬ 
vious  that  the  H-s  digital  data  epochs  were  much  loo  long,  and  even  the  slow  -st  “learning” 
signal  processor  would  need  only  1  s  of  pre-stimulus  data  io  enable  it  to  evaluate  the  up¬ 
date  signal  data  from  periodic  search  intervals  which  would  consist  of  olfactory  samples 
of  |>erhaps  2  to  3  s  duration. 

Gmsequenlly,  the  final  data  epochs  were  reduced  to  three  1-s  intervals 
defined  as  follows: 

(1)  Interval  T  -  1:  The  period  of  data  occurring  in  the  interval 

immediately  prior  to  the  trigger. 

(2)  Interval  T$ :  The  period  of  data  occurring  in  the  1-s  interval 
immediately  subsequent  to  the  trigger. 

(3)  Interval  T  +  I:  The  period  of  data  occurring  in  the  1-s  interval 
immediately  subsequent  to  the  T^  interval; 

(4)  The  trigger,  as  noted  earlier,  is  defined  as  the  leading  edge  of  the  d.c. 
pulse  applied  as  the  activation  signal  to  the  odorant-delivery  solenoid  valve  relays. 

(3)  All  is  the  symbol  used  to  designate  those  covariance  processes  in 
which  the  window  width  was  1 1  data  points. 
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(6)  A31  is  the  symbol  used  to  designate  those  eo variance  processes  in  which  tlie 
window  width  was  31  data  points. 

(7)  The  mean  of  the  covariance  coefficients,  seen  as  the  abcissa  on  most 
plots,  is  specifically  defined  in  equation  6. 

With  these  terms  in  mind,  it  will  now  he  of  interest  to  examine  Figures  25 
through  39.  Figure  40  depicts  a  small  segment  of  the  raw  analog  monopolar  signals  ole 
tained  from  the  cingulate  electrmie  of  Rat  (!.  Here  are  preserved  25  epochs  of  the  interval 
T*f  with  the  relative  amplitudes  of  the  signals  maintained  in  true  relationship  to  the 
original  signals. 

In  this  figure  there  appears  to  he  little  similarity  among  these  epochs  even 
after  considerable  perusal  by  the  naked  eve.  but  this  is  not  surprising  since  this  research 
would  have  been  completed  some  years  previously  had  such  simple  evid-nce  of  an 
olfactory-induced  A  ESC  l>een  available.'*  Data  of  the  general  form  of  that  in  Figure  40 
were  tested  against  each  of  the  mathematical  processes  described  earlier  in  this  section, 
and.  as  noted,  little  of  consequence  to  the  proof  of  Thesis  I)  was  observed.  Almost  from  its 
inception,  however,  the  covariance  process  liegan  to  elucidate  signal  features  which  were 
quite  significant,  since  they  were  riot  only  highly  visible,  but.  most  importantly,  they  were 
consistently  positioned  in  time  such  that  their  occurrence  coincided  with  the  time  of 
known  stimulus-related  events,  such  as  trigger  origin  and  odorant  bolus  arrival. 

F  igure  25  depicts  an  early  result  of  the  application  of  the  covariance  process. 
In  this  plot  one  observes  two  outstanding  events.  First,  there  is  a  large  peak  near  the  left 
edge  of  the  plot.  Since  the  abcissa  of  all  figures  (in  the  group  of  Figures  25  through  39. 
excluding  Figure  30)  represents  1  s  of  time— minus  the  window  width— and  since  the  data 
sampling  rat.  is  5 1 2  data  points/s.  the  first  large  peak  seen  in  F'igure  25  occurred  at  about 
10  ms  subsequent  to  the  activation  of  the  TNT  odorant  solenoid  valve  relay.  At  first,  this 
event  was  assumed  to  be  perhaps  fortuitous,  but  after  examination  of  20  or  more  other, 
similar  data  epochs  acro.-s  the  rat  population,  it  became  apparent  that  this  peak  must  lie 
related  to  the  solenoid  valve  relay  activation  in  a  rrlativly  invariant  manner.  Such  a 
repetitive  event  was  seen  to  exist  also  in  all  plots  of  covariance  coefficient  mean  values 
where  the  neutral  stimulus  odorant-delivery  solenoid  activation  pulses  were  the  genesis  of 
the  trigger.  The  most  reasonable  explanation  of  this  ubiquitous  signal  feature  is  that  it 
represents  the  effect  of  the  relay  “click"  on  the  auditory  processing  circuits  in  the  rat 
brain! 


Mtiinil«nl  ilxa  of  this  nature  were  available  for  monopolar  signal*  nidaiiinl  from  the  parietal  ami  occipital  rletinide*  anti 
from  i he  bipolar  co-nbmation*  of  iheae  rlerlnwle*  |p«nrt«lx»rfi|»ilil.  parwtahrtbgalate.  aati rtnptlalenrri|tilali  but  Inal  analyse* 
le«|  me  lo  r«inrlu«ie  that  the  optimum  feature*  wer*  to  lie  found t*  the  nngnlate  electrode  data.  The  bi|M>lar  data  were 

mil  examined  in  great  iletail  *inre  these  were  opportunistic  data  taken  became  it  »i*  a  simple  mailer  to  achieve,  and 
•inre  these  data  could  offer  nothing  which  wa*  unavailable  in  the  nwmnpnia.  data.  The  remaining  monopolar  data  from  the 
parietal  and  occipital  electnwie*  could  fie  eaamiited  in  greater  depth  at  mwe  future  dale.  fnH  fte  this  rr*earrh. 
'iltle  could  lie  gained  fnmt  the  athfitionai  ef fort  rxftrmied  m  such  analvsj*. 
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Figure  40.  Twenty-five  monopolar  raw  data  epoch*  for  interval  T <j>  for  Rat  C. 


It  must  again  he  emphasized  that,  from  the  licginniug,  there  was  intention 
to  attempt  to  explain  the  physiological  processes  involved  in  this  research.  The  protocol 
sought  only  to  pro\e  the  existence  of  a  unique  event  in  the  EEG  subsequent  to  exposure  to 
the  TNT  stimulus  event.  This  philosophy  remains  operational  and  the  only  reason  for  ad¬ 
vancing  a  supposition  as  to  the  nature  of  the  peak  at  *0  ms  lies  in  the  unique  value  of  this 
signal  feature  to  the  analysis  process  as  a  time  mark  and  to  its  presence  across  all  epochs 
for  all  olfactory  stimuli. 


While  published  data  as  to  the  value  of  the  auditory  physiological  processing 
lag.  or  lateiti  are  scarce,  it  appears  that  the  observed  40-ms  latency  in  the  test  subjects  is 
comparable  to  thu  observed  in  humans.  Since  the  relays  were  physically  located  at  about 
1.5  m  from  the  •  ^radav  Box  and  since  the  click  can  be  clearly  heard  on.  the  voice  channel 
of  the  analog  data  tapes,  one  must  assume  that  most  if  not  all  rats  could  hear  the  solenoid 
activations.  Considering  that  the  activation  click  originated  within  2  ms  of  the  applica¬ 
tion  of  the  trigger  (the  beginning  of  the  1-s  data  period  of  Figures  25.  26,  28,  32.  35,  and 
38)  and  considering  that  the  sound  transit  time  was  about  3  or  4  ms,  a  physiological 
latency  of  about  30  ms  added  to  these  delays  would  cause  an  auditory  signal  feature  to 
exist  within  the  limits  observed  in  the  data.  Thus  this  signal  feature  has  been  termed  the 
'‘auditory  event”  and  will  be  so  designated  in  the  test  to  follow.’0 


The  plot  data  for  Figure  25  were  derived  from  the  raw  digital  data  by  the 
covariance  process  by  using  a  window,  or  A,  of  11  data  points.  Note  that  this  figure  is 
actually  an  enlarged  plot  of  the  cascade  trace  labeled  25C  in  Figure  28.  The  auditory 
event  is  clearly  evident  as  it  is  routinely  in  T0  and  interval  plots.  Figure  25  shows 
evidence  of  olfactory  stimulus  recognition,  but,  standing  alone,  this  evidence  would  not 


suffice  for  verification  of  Thesis  I). 


Figure  26  shows  the  All  covariance  means  ; 
165  experiments  of  neutral  and  TNT  stimulus  events.  Fig 
T  —  1  experiments  in  which  TNT  was  to  be  the  olfactory  si 
the  T<j>  interval  of  this  data  set;  and  Figure  29  is  the  plot  < 
ferval  T  +  1.  In  these  plots  the  ordinate  represents  the  vl 
covariance  matrix  coefficients  (excluding  the  diagonal  ; 
Since  the  window  is  1 1  points,  the  total  span  of  the  abciss; 
or  501  data  points. 


icross  the  entire  ensemble  of 
are  27  displays  the  plots  of  84 
imulus;  Figure  28  is  the  plot  of 
jf  covariance  means  for  the  in- 
aue  of  the  mean  of  the  unique 
ind  the  “image”  half-matrix), 
t  is  seen  to  reoresent  512  —  11. 


From  these  consideration*  ami  from  detailed  study  of  ihe  many  data  plot*  obtained  from  earlier  envarianre  effort*, 
eertain  basic  o|»erating  parameter*  of  a  |Mrtenlial  rat-bbwcn*or  explosive*  detect*  r  Itecame  apparent.  It  wat»  fortunate  that  the 
auditory  s:gnal  from  the  odorant-dcl  ivery*olenoid*  wa*  available  to  the  rale  wince  thin  signal  could  nerve  a*  an  alerting 
signet  which  ’’Mifjernensiiiies'*  the  detector  rat  to  the  imminent  prewrorr  o|  an  odorant.  and.  of  course,  the  auditory 
|»eak  in  the  KK(J  could  *erve  a*  a  monitor  of  the  slat*  of  awareness  of  the  drtretor  rat.  Future  mirmprorrMon  programmed  to 
recognise  the  ro  variance-derived  signal  features  to  Im*  ilewcrilied  Ih-Iow  ran  ewpfoy  the  auditory  peak  a*  a  ,f  go-ahead”  signal. 
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Figures  27  and  29  will  lie  discussed  in  conjunction  with  Figures  31  and  33. 
Of  special  interest  here  is  Figure  28.  Several  significant  signal  features  are  evident  in 
Figure  28.  The  most  evident  signal  is  the  auditory  event  seen  at  about  data  point  20. 
which  is  near  the  left  edge  of  the  plot.  -No  similar  structure  is  evident  in  either  the  plots  of 
T  —  1  or  those  of  T  +  1,  and  this  observation  further  accentuates  the  legitimacy  of  the 
assumption  that  the  plot  event  at  40  ms  is  indeed  of  auditory  origin. 

Since  the  transit  time  of  the  odorant  bolus  is  known  to  be  500  =fc  70  , 
ms,  a  careful  examination  of  the  mid-ahcissa  region  of  the  T<p  plot  in  Figure  28  inav 
reveal  some  evidence  of  unusual  covariance  at  about  data  point  220;  but  in  these  cascade 
ensemble  plots,  the  feature  is  not  as  immediately  apparent  as  one  might  wish.  However, 
after  some  study,  it  became  apparent  that  these  unique  signal  covariances  at  or  near  data 
point  220  occur  only  on  toe  plots  for  TjJ. 

In  order  to  make  the  feature  at  data  |»oint  220  more  evident,  a  second 
application  of  the  covariance  process  was  effected  on  all  All  data  sets.  The  results  of  this 
process  are  shown  in  Figures  31,  32,  33,  37,  38.  and  39.  Prior  to  effecting  this  processing, 
it  was  again  necessary  to  optimize  the  window  width  for  the  set  of  features  known  to  exist 
near  data  point  220.  Figure  30  displays  the  prt>cess  whereby  a  trial  plot  similar  to 
Figure  32  was  analyzed  for  optimum  A.  The  trial  plot  was  the  All  covariance  of  the  sum 
of  the  plots  of  Figure  28.  While  the  trial  figure  resembled  Figure  32.  All  was  not  op¬ 
timum,  as  seen  from  Figure  30  where  the  peak  occurs  at  A23  with  essentially  a  flat-top 
response  to  A31.  As  noted  earlier,  a  larger  window  is  a  l>etter  choice  than  a  narrow  win¬ 
dow,  since  only  events  with  similar  covariance  characteristics  will  tend  to  peak  in  a  large 
window,  and  thus  the  most  accurate  feature  identification  is  obtained.  A31  was  then 
selected  and  Figures  31.  32,  and  33  were  generated.  These  plots,  then,  represented  the 
A31  covariance  mean  of  the  All  covariance  means  observed  in  the  plots  of  Figures  27. 
28,  and  29. 

Figure  32  is  of  great  significance  to  this  research  effort  since  it  represents 
graphical  evidence  of  the  validity  of  Thesis  I)! 

To  recapitulate  the  events  displayed  in  Figure  32: 

(1)  84  separate  experiments  derived  from  the  data  for  Rats  A,  B,  C,  I).  98.  100. 
and  103  were  analyzed  over  the  Ttf>  interval. 

(2)  All  covariance  means  were  obtained  for  the  ensemble  of  84  experiments. 

(3)  A31  covariance  means  were  derived  for  the  summed  results  of  the  All 
calculations. 

(4)  The  unique  features  seen  in  Figure  32  were  obtained  only  for  TINT  stimuli. 
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Il  is  pertinent  now  to  iniivr  to  Figure  .'{8  which  is  the  equivalent  to  Figure  32 
except  that  ill  this  figure  the  data  for  neutral  stimuli  iu  the  N0  interval  were  examined 
( >ne  max  observe  the  clearly  evident  auditory  signal  at  aliout  HI  rie — data  point  22  is  the 
median  point— into  the  N0  interv  al.  However,  there  is  no  significant. covariance  observed 
at  data  point  220.  and  there  is  no  significant  pairing  such  a>  that  seen  in  Figure  32.  The 
special  significance  of  the  initial  peak  in  figure  .'12  at  data  point  220  is  that  this 
represents  the  earliest  arrival  lime  of  the  odorant  Imlus  faltmil  430 or  140  ins  post-trigger). 
Likewise. .the  singular  configuration  and  amplitude  of  the  departure  of  these  peaks  |for 
the  short  [icriod  of  1 30  ms  or  thereabouts)  from  the  background  covariance  when  the 
TNT  odorant  first  arrives,  is  also  significant. 

In  Figure  38.  the  earliest  N#  |>eak  which  could  possibly  lie  related  to  an 
olfactory  stimulus  occurs  at  about  data  point  290.  which  represents  a  time  just  lieyond  the 
upper  measured  limit  of  odorant  arrival  time.  Thus,  while  the  singly,  large  [teak  in  the 
center  of  N<£  ensemble  may  or  may  not  represent  some  olfactory  related  event,  there  is  lit¬ 
tle  doubt  that  the  tw  in  peaks  seen  in  Figure  32  are  evidence  of  an  event  related  only  to  the 
presence  of  TNT  vapor.  There  is.  of  course,  no  valid  manner  in  which  one  might  verify 
that  this  event  is  truly  anticipatory  ,  but  judging  bv  the  liehavioral  observations  made  over 
hundreds  of  experiments,  the  test  subjects  certainly  appear  to  experience  anticipation  at 
the  first  arriv  al  of  TNT  vapor.,  From  this  subjective  evidence,  it  was  determined  that  this 
event  will  continue  to  be  called  an  Anticipatory  Evoked  Spectral  Change  in  the  EE(». 

Since  all  data  taking  sessions  resulted  ill  interlaced  TNT  and  neutral  olfactory 
stimulation  in  a  pseudo-random  maimer,  there  can  be  no  n-ason  to  assume  that  the  data 
are  lime  or  event  biased  in  anv  manner  which  might  accidentally  prejudice  the  results. 

Returning  to  the  remaining  Figures  27.  29.  31  and  33  which  are  in  the  TNT  set. 
it  will  be  seen  that  Figures  27  ami  3 1  representing  the  T  —  1  interval,  and  Figures  29  ami 
33.  representing  the  T  +  1  interval,  show  no  features  as  significant  as  the  outstanding 
twin  covariance  [leaks  of  Figure  32.  One  wotdd  not  exjiect  to  find  any  features  related  to 
the  stimulus  events  in  the  T  —  1  interval  of  Figures  27  and  31  since  the  test  subject  has 
t>een  in  an  unstimulated  state  for  random  jieriods  ranging  in  length  front  20  s  or  30  s  to 
jierhaps  60  min  or  more  prior  to  the  T  —  1  interval,  and  thus  the  KEG  should  show  only 
the  homeostatic  processes  typical  of  the  restrained  animal.  Intervals  T<t>  and  T  +  1  ole 
viously  also  eontain  features  resulting  from  the  homeostatic  processes,  and  interval 
T  +  1.  shown  in  Figure  33,  was  presented  primarily  to  demonstrate  that  the  TNT 
recognition  feature  elicited  by  the  covariance  process  ap|H*arrd  to  exist  only  in  the  T<p  in¬ 
terval. 
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Kinallv.  the  Figures  .‘14.  35,  36.  37,  and  39  must  lie  examined. 
Figures  34.  35.  and  36  are  the  neutral  stimuli  homologues  "1  the  TNT  stimulus  plots  of 
Figures  27.  2H.  and  29.  and  Figures  37  and  39  are  the  homologue-  of  Figures  31  and  33. 
Figure  34  is  the  plot  of  the- covariance  means  for  the  full  serond  immediately  prior  to  the 
trigger  (the  N  —  1  interval),  while  Figure  35  is  the  plot  of  the  1-s  interval  immediately 
subsequent  to  the  trigger  (the  N0  interval)  and  F'igure  36  is  the  plot  of  the  N  +  1  interv  al, 
which  is  the  1-s  interval  following  the  interval. 

As  was  the  ease  with  the  same  time  intervals  for  the  TNT  stimulus  events, 
the  N  —  1  and  the  N  +  1  interval  (dots  show  no  featmes  which  have  significance  to  this 
program.  Figures  34.  36.  37.  and  39  further  show  the  qnasi-stationary  nature  of  the 
background  FF<».  Nothing  of  significance  to  olfactory  processes  is  discernible  in  the 
N  —  1  interval  of  Figures  34  anil  37  for  the  reasons  noted  for  the  T  —  1  interval. 
Likewise,  it  is  apparent  that  no  olfactory  events  are  seen  in  the  V+  1  interval. 

Based  upon  the  foregoing  analysis,  it  is  virtually  certain  that  a  unique  feature 
appears  in  the  output  of  the  Covariance  Process  when— and  only  when— the  input  FTX  is 
derived  from  a  fully  conditioned  test  subject  during  a  jieriod  of  olfactory  stimulation  by 
TNT  vapor.  Since  the  elucidation  of  a  sjiecifie  F'.FXi  feature  thus  derived  was  the  research 
goal  in  the  effort  directed  toward  Thesis  I).  the  Covariance  Process  could  have  served  ad¬ 
mirably  as  the  single  metric  for  the  proof  of  Thesis  I).  However,  the  continual  search  for 
suitable  signal  processing  techniques  led  to  the  development  of  a  second  process  which 
was  also  capable  of  recognition  of  a  unique  F1F)(»  event  and  which  appears  not  only  to 
verify  the  results  of  the  Covariance  Process,  but  which  also  gives  an  insight  into  the 
nature  of  the  Anticipatory  Fivoked  Spectral  Change.  This  process— the  Segmentation  Pro¬ 
cess — in  concert  with  the  Covariance  Process,  leaves  no  doubt  as  to  the  existence  of  the 
unique  feature  called  for-in  Thesis  I). 

f.  The  Segmentation  Process.  The  second  mathematical  technique  which 
offered  confirmation  of  Thesis  I)  was  devised  by  the  lll)\l  Coqioration  of  Melean. 
Virginia,  under  the  guidance  of  l)r.  Igor  F’rolow.  The  basic  metric  is  much  akin  to  the 
Speci.-d  Separator  process  describ'd  earlier.  In  the  Sjieetral  Separator  process,  the  1-s 
data  interval  prior  to  the  trigger  was  compared  to  the  1-s  data  segment  immediately  subse¬ 
quent  to  the  trigger  with  a  window  width  of  I  s.  whereas  the  Segmentation  Process  ex¬ 
amines  the  same  intervals  (and  more)  by  scanning,  using  a  small  stepping  window.  In  ad¬ 
dition.  the  Segmentation  Process  offers  an  update  function  which  places  this  scanning, 
iterative  process  into  the  category  of  an  adaptive  feature  extraction  technique.  As  a  result 
of  these  additional  steps,  the  .Segmentation  Process  was  capable  of  detecting  the  AF^SC, 
when  the  less  complex  Spectral  Separator  could  not. 
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'Hie  Italic  proeev»i>.  ti<*f ineii  lielnw: 


|l|  Define  an  initial  window  W  eoii'i'line  of  (tie  fir-t  \  point*  of  a  »iicii 
time  serie*. 

(2)  De^erilie  the  *ienal  within  the  window  U'iti"  an  appropriate  mea-iire  Mich  a» 
the  }mwer  Mieetrum. 

|.l I  Mo\e  alone  the  time  a\i>  in  increment*  of  I  points,  each  time  defiuine  a  new 
window  of  leneth  N  and  computin'!  the  cotTc*|>ondinc  meaMirr. 

( l)  \*  lone  a*  the  new  measure,  when  compared  to  that  of  VI  .  i»  le**  than  a  pre- 
njieeified  leiel  $.'*tcp  d  i« rejicated.  OtherwiM*.  identifv  the  lieeinnine  of  a  new  *ecineut 
and  return  to  'tep  I.  u*ine  the  rcma'inin;!  time  *erie  •  in  all  further  calculation*. 

Stated  different!),  the  procc**  i*  defined  a*: 

let  the  raw  KKti  data  lie  c\prc**cd  hv  the  Fourier  tran*fonn 


At  ml  = 
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N 

£  Xjtt)  cos  2tr 

i*i 


nit 

IT 


(IHl 


B(m)  -  J_  V*  x  ttl  sin  "'it  ml 
N  N 


The  power  -|w«  trum  then  i* 

P(m)  =  \’|m|  +  B*(n»)  (20) 

where  IMm)  =  mill  eoni|Minent  of  tin-  jth  |mwcr  r-peetnim. 

I,ikrwi*e 

P„(m)  =  mth  eom|Hinent  of  tin  o«.i  jniwer  >|ieelmm. 


The  varianee  of  the  jlh  interval  is 


E(V,) 


i*t 


where  \  =  sample  meaii- 

and  the  v  aria  nee  of  the  Oth  interval  i- 


°0=-E|x»(t)  Xo|2  ,22> 

N  U 

Irt  \  lie  the  niiinlier  of  data  [mints  in  the  window  VI  1(:  then  the  error  funetioii. 
or  the  decree  of  ini-mateh  lietween  the  eurve  sampled  in  the  Oth  interval  anil  all  following 
ijtht  interval-,  i-  then  defined  a-: 
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Pj(m) 
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In  [div-ieal  term-,  this  teehniipie  may  lie  envi-ioned  hy  examiniii*  a  segment 
of  raw  data  -nch  a-  that  -hown  in  figure  16.  If  the  analv-i-  lie-in-  at  exaetly  I  -  prior  to 
the  advent  of  the  TNT  tri*r^«-r.  the  liegiuninf:  of  thi-  interval  will  la-  the  Oth  po-ition  id 
the  window,  and  thi-  window  will  lie  termed  W(|.  The  window  is  then  -lepped  arms-  the 
segment-  of  data  in  iiiereiiiijnt-  of  I  eipial  to  10  data  |Niint-.  \l  eaeh  step. 
the  jMiwer  -|>eetral  variation  i-  eipiated  again-l  a  predetermined  threshold.  0.  If  at  any 
step  the  thre-hold  i-  not  eveeded.  K  is  equaled  against  the  jmwer  -jiertral  value  deter* 
milieu  in  U()  using  the  expre— inn  6.  almve.  If  the  thre-hold  is  exeeeded.  then  the  original 
W(1  i-  di-earded  and  the  »al  le  at  then  lieeome-  the  new  \ltl.  whieh  then  remains  fixed, 
at  it-  data  [mint  of  origin  until  it.  in  turn,  i-  replaeed  hy  a  later  Vl\ 

The  seleetion  of  window  width  i«  of  eon-iderahle  -ignifieanee  -inre  an 
injudieioii-  ehoiee  ran  impair  the  Segmentation  IVnee—  to  the  [mint  of  failure.  The  win¬ 
dow  -ize.  a-  in  the  Covariance  I’roee— ;  ran  lie  v  aried  lietween  I  and  512  data  [mints. 
Keali-tieally.  the  praetieal  limits  range  lietween  32  and  256  data  |Miints  -inee  windows 
-mailer  than  32  will  -how  only  the  highest  fmpienev  eoni|Hinents.  while  window-  larger 
than  256  data  [mints  may  evceed  the  brief  [leriods  of  i]iia-i--tationarity  whieh  have  lieen 
-een  to  exist  in  these  data.  \  rter  several  trial  processes.  128  data  |mints  were  ehosen  to  lie 
the  optimum  window  for  lh»  data  of  this  researeh. 


116 


Tin*  threshold  value  of  K.  (3.  wa*  selected  by  trial  for  thi*  initial  process. 
(I.at**r  version*  of  the  S-gmeiilation  Process  ma\  allow  for  automatic  threshold  set.)  The 
hi i n i ni u in  value  for  f3  na.<  found  to  lie  0.1. >0  for  the  data  examined  in  rlii*  effort'.  To  lie 
ce  am  that  thi*  threshold  le\el  wa*  not  too  low.  a  dr  tailed  computation  of  /3  was  made 
for  thr  ease  of  random  noise.  It  was  determined  In  this  eaiculation  that  for  truly  random 
or  "white"  noise.  the  mean  \alue  of  K  =  0.0 155  with  o*  =  0.0000005. 

Hgure  1!  depicts  the  result*  of  application  of  llie  Segmentation  Process  to  a 
sin-ile  I  NT  stimulus  exjieriment  from  the  data  *el  for  Rat  B.  The  window  width  was 
set— a*  it  was  throughout  the  final  iteration  of  this  process— at  I2Hdata  points.  The  value 
of  (3  was  1.0.  Note  that  the  ahei**a  is  the  time  axis.  and.  in  terms  of  the  Covariance  Pro¬ 
cess  terminology,  intervals  T  —  I.  T0  and  T  +  I  are  contiguous  in  presentation  in  this 
and  all  similar  figure,*  in  the  -el  extending:  from  Figure  tl  to  Figure  50.  Since  the  ex- 
|M*ri mental  apparatus  was  known  to  manifest  a  500  ±  70  ms  delay  between  the  trig¬ 
ger— which  occur*  in  this  figure  at  1.0  on  the  Time  axis— and  the  arrival  of  the  odorant 
IhiIus.  those  event*  which  occur  at  or  near  1.5  on  the  Time  axis  are  worthy  of  close 
scrutiny.  In  Figure  tl.  there  is  an  event.  Iieginning  at  1.5  *  which  achieves  an  K  or  error 
function  value  of  atiout  0.1  HO.  To  investigate  this  region  further,  the  process  was  rerun 
using  (3  —  0.175. 

Figure  12  show*  the  results  of  this  step  in  tlir  process.  The  first  window! 
W„.  in  this  and  all  figure*,  is  |io*itinncd  in  time  at  the  first  significant  departure  of  K 
front  zero,  which  occurs  in  thi*  figure  at  alioiit  0.25  s.  As  stepfied  across  ?ime.  all 
|Miwer  spectra  wen*  compared  to  the  [lower  *|»ectruni  of  this  Wl(  and  the  values  of  were 
plotted.  The  ap|>carauce  of  Figures  tl  and  12  are  thus  identical  (even  though  (3  is 
assigned  different  values)  until  the  1.5-s  event  i*  reached.  In  Figure  42.  W  is  then  reset 
«ince  the  [leak  value  of  K  now  exceed*  the  threshold,  and  die  W  at  this  [Miint  now 
liecomes  the  new  H  1(.  The  character  of  the  plot  then  changes.  At  time  1.7  s  or  thereabout*, 
this  i*  replaced  by  the  value  uf.U  at  1.7  *  and  an  updated  Vkl((  is  fixed  at  this  point 
and  remain*  the  comparison  standard  until  2.5  *.  where  the  iteration  again  occurs. 

In  the  search  for  the  Anticipatory  Fvoked  Sjieetral  (ihange.  the  Segmentation 
Process  uniquely  satisfies  the  need  to  identify  the  nature  of  the  s|iectral  change.  Figure  45 
shows  the  spectral  density  function  obtained  when  the  fin4  IF  i*  positioned  at  0.25  s.  The 
value  of  the  dominant  frequency  of  the  spectral  density  is  seen  to  lie  aiiout  4  Hz.  which  is 
extremely  interesting  sirue  this  dominance  is  known  to  occur  in  the  so-called  Tlirta  hand 
in  mammalian  KFfi*  when  the  animal  is  at  rest  (not  at  maximal  alertness,  hut  also  not 
asleep).  At  time  0.25  those  animals  which  had  adapted  to  the  test  fixture  had  ceased  to 
struggle  against  the  restraint  and  werp.  insofar  as  visual  observation  could  discern,  at 

rest. 
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Figure  43.  Spectral  density  function  at  first  window  of  Figure  42. 


Figure  44.  Spectral  density  function  at  second  window  of  Figure  42. 
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Figure  45.  Spectral  density  function  at  third  window  of  Figure  42. 


Figure  46.  Spectral  density  function  of  fourth  window  of  Figure  42. 
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Figure  48.  Error  function  vertui  time  in  data  epoch  for  0  *  1.0,  neutral  itimulu*. 


Figure  50.  Spectral  dentity  function  at  f»r*t  window  of  Figure  49. 


Figure  51.  Spectral  density  function  at  second  window  of  Figure  49.’ 


Figure  62.  Spectral  density  function  at  third  window  of  Figure  49. 


Figure  53.  Spectral  density  function  at  fourth  window  of  Figure  49. 
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Figure  54.  Sp#c!r«l  dentity  function  at  fifth  window  of  Figure  49. 


Figure  55.  Spectral  density  function  et  sixth  window  of  Figure  49. 


Figure  66.  Spectral  deni'ty  function  at  seventh  window  of  Figure  49. 


Fiflurt  57.  Composite  spectral  density  for  all  rats,  TNT  stimulus. 


Figure  58.  Composite  •?c;:.el  density  for  ell  rets,  neutrel  stimulus. 


Figure  FI  is  a  plot  of  the  sftectral  drihilv  function  at  1.5  s  where  was  first 
reset  as  the  threshold  w  as  drop|>ed  to  0. 175.  The  [teak  value  of  16  Hz  (which  occurs  in  the 
Beta  hand  in  EE(i  conventional  terminology)  seen  here  is  consistent  with  the  mammalian 
state  of  intense  alertness,  as  defined  in  numerous  texts  on  the  subject  of  elec- 
troencephalographic  inteq>retation.*1*,* 

Figure  45  shows  the  spectral  density  function  for  the  event  seen  at  1.7  s 
in  Figure  42.  Attain,  the  animal  apjtears  to  l»e  at  rest  even  though  he  has  recently  received 
a  TNT  odor  Indus  which  obviously  excited  him.  This  liehavior  could  represent  the 
realization  that  KBS  was  not  forthcoming,  but  this  “explanation”  is  pure  conjecture  ami 
merits  no  particular  credence. 

Figures  46  and  47  show  frequency  spectra  at  2.5  s  and  2.7  s.  It  should  Ite 
noted  that  no  further  iteratin  of  this  pattern  was  seen  in  the  data  past  3.0  s  in  the  few  in¬ 
stances  where  this  search  could  l>e  conducted. 

Figure  48  is  the  neutral-stimulus  hoinologue  of  Figure  41.  As  |>efore.  U((  is  first 
located  at  0.25  s  with  $  =  1.0.  The  large  values  of  .K  in  this  plot  suggested  a  (3  of  0.350 
which  resulted  in  the  plot  of  Figure  49.  F'igures  50  through  56  show  the  nature  of  the 
spectral  density  at  each  new  window  location  across  the  epoch,  as  suggested  by  the  |>eaks 
seen  in  Figure  49.  Since  the  nunilter  of  variable  factors  which  could  disturb  any  in¬ 
dividual  exjteriment  are  legion,  it  is  inqtortanl  to  present  the  ensemble  of  data  across  all 
rats  for  the  segmentation  process,  as  was  done  with  the  Covariance  Prtxess.  Figures  57 
and  58  achieve  this  goal. 

Here  are  displayed  the  conqtosite  plots  of  the  individual  sjtertral  density 
functions  for  the  subjects  A.  B.  97,  98.  100.  ami  103.  Kach  figure  depicts  the  s|wr- 
tral  nature  of  the  events  occurring  in  the  windows  closest  to  1.5  s  (0.5  s  fxtstrtrigger)  across 
the  ensemble. 
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Ill  Figure  7 7.  the  Segmentation  I  Voces-  elucidate-  two  dominant  peak?  ami  one 
apparently  -puriou-  peak.  The  -ignificant  peak  at  H  Hz  mav  jros-ihtv  represent  tho-e 
physiological  processes  associated  with  the  -recalled  Vlpha  rhythm-  in  mammals  (8  t<i  Id 
llz)  nr  it  max  have  a  more  nhscure  meaning  here.  The  peak  al  20  Hz  wrurreil  in  one  sub¬ 
ject  onlv  and  max  he  an  artifact  xxhieli  would  lie  insignificant  in  a  larger  data  -ample. 
The  mo-t  significant  j"“ak  in  tlii-  figure  i-  that  existing  he tvxeen  ahout  IO  Hz  and  IT  Hz. 
le— er  peak-  are  -ecu  to  ap[iear  out  to  nearly  60  Hz  with  TNT  stimuli  data. 

Figure  78  al-o  manife-l-  a  dominant  peak  al  ahout  7  Hz  to  8  Hz.  and  it  proha- 
hlx  ha-  the  -ante  significance  a-  it  dm*-  with  TNT  data  plot-.  A  secondary.  hroad  peak 
eentered  at  ahout  10  Hz  i-  -ecu  a-  well  a-  -mall  peak-  out  to  12.7  Hz. 

The  significance  of  the  -fieetral  den-ilv  fiiuetiou  pattern-  lievond  1H  Hz  cannot 
lx-  explained  in  term-  of  current  knowledge  of  phx -iologicai  function  ver-ii-  F.KH  -Irut- 
ture  in  mammal-,  hut  the  gro—  difference-  which  -  >  clearlv  exist  hetweeu  the  TNT  and 
neutral  ensembles  hexond  1H  Hz  argue  almo-t  a-  strongly  for  the  exi-tence  of  an  AFSt  i  a- 
do  the  manife-t  difference-  wliicli  occur  helow  IH  Hz. 

( 'dearly.  the  •  f h.S(.  appears  in  llu •  plots  of  Figure  .77  primarily  ns  the 
fr(‘  t/itPnr  y/ilert  si  Is  pen  le  seen  between  //ie  H-llz  cluster  and  the  single  20- Hz  peak.  The 
compo-itc  .triictnre  i-  -o  different  from  that  venerated  hv  the  neutral  -timulii-  data 
pre-cnted  in  cigute  78.  that  the  hroail  peak  in  Figure  77  intl-t  lie  caller!  utlirpie.  es- 
|ieciallx  when  it  i-  coupler!  with  the  IH-lIz  to  60-11%  peak  -<  i  ncut  re  anil  when  the  entire 
-triictiin*  i-  then  compared  to  the  neutral  en-em'hle! 

Thi*.  then,  i-'the  final  argument  in  -upport  of  the  |N>-tulale  of  Thc-i-  I). 
Two  tota.lly  different  prncc—e- — coxariancc  and  egmr-ntatiou — pre-ent  -Iron*;  evidence  of 
the  presence  of  uuirpie  cortical  -[icctral  features  KTiirrin"  in  time  coincident  with  the  a[e 
plication  of  TNT  rdfactorv  -timuli  in  the  -jm*c  ally  trained  test  population.  Taken  in¬ 
dividually.  each  prnce—  pre-ent-  a  good  argument  for  the  occurrence  of  the  AKSC;  taken 
collectively,  there  i*  little  douhl  dial  an  identifiable  feature  does  exi-t  a-  a  direct  conse¬ 
quence  of  the  TNT  stimulus,  ami  there  is  little  vestigial  rlouht  that  this  feature  can  he 
identified  hv  existing  microprocessor  technology.  e-|>ecially  if  three  or  more  e\|ierimenls 
are  summer!  liefore  recognition  i-  demanded  in  the  detection  system.  One  may  assume, 
therefore,  that  Thesis  I)  is  proxerl  to  lie  valid. 

g.  Signal-  or  Noise.  Vi  lien  signal  feature  extraction  is  as  diffieult  to  achieve 
as  dial  exjiericnccd  in  this  research  program.  I  lere.may  he  some  rlouht  as  to  the  exact 
nature  of  the  plot-  which  are  presented  In  -how  -ignal  features.  The  quest  ion.  "Are  these 
merely  plots  of  the  covariance  of  random  noise,  or  do  they  'actually  represent  the 
covariance  of  -(serial  signal  features  which  relate  to  the  conditioned  response  to  a  specific 
olfactory  stimulus.”  Iwg-  to  lie  an-wt  txtl. 
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Figures  59  and  60  answer  the  question  graphically,  and  in  so  doing.  attest 
to  tiie  authenticity  of  Figures  25  through  39.  Figure  59  is  the  plot  of  25  1-s  intervals  of 
random  noise  sampled  at  512  data  points.  This  figure  is  the  random-noise  equivalent  of 
Figure  40,  which  displays  the  -aw  analog  EEC  signals  of  25  experiments  using  Rat  C  as 
the  test  subject.  Figure  25  is  the  plot  of  the  All  covariance  means  of  the  data  of 
Figure  40.  Figure  60  displays  the  plot  of  Figure  25  as  the  bottom  trace,  while  the  plot  of 
the  A1 1  covariance  means  of  the  noise  samples  seen  in  Figure  59  is  displayed  as  the  top 
trace. 

(dearly  there  are  great  differences  between  these  covariance  plots  in  both 
amplitude  and  structural  detail.  The  difference  in  average  amplitude  implies  that  the 
degree  of  covariance  of  the  noise  samples  is  much  less  than  that  of  the  EEG  signals,  whjl“ 
the  gross  structural  differences  relate  to  differences  in  the  degree  of  stationaritv  between 
the  two  data  sample  sets. 

The  difference  of  about  three  to  one  lietween  the  auditory  peak  of  the  EEG  in 
the  lower  trace  and  the  highest  peak  in  the  noise  covariance  plot  in  the  upper  trace  is 
evidence  of  the  great  degree  of  covariance  of  the  aperiodic  EEG  signals  which  are  time 
related  (throughout  all  the  EEG  data)  only  to  the  solenoid  valve  sound.  Other  peaks  in  the 
EEG  covariance  mean  values  exceed  the  highest  noise  covariance  peak  by  a  considerable 
amount,  and  these  peaks  must  represent  some  (undefined)  physiological  quasi-stationary 
event  arising  from  the  aforementioned  "housekeeping'’'  cortical  and  skeletal  neural 
activity. 


Another  salient  structural  difference  in  the  curves  of  Figure  60  is  the 
obvious  difference  in  signal  handwidths.  The  EEG  plot  indicates  the  absence  of  high- 
frequency  covariance,  and  it  has  been  stated  earlier  that  the  maximum  frequency  of  the 
cortical  spectrum  w  as  found  to  be  generally  lower  than  64  Hz,  even  through  the  data 
system  bandwidth  was  2(H)  Hz,  and  probably  in  most  epochs  the  maximum  frequency  of 
significant  power  was  about  40  Hz. 

The  noise  covariance  plot  gives  evidence— in  its  fine  structural  detail — of 
much  different  frequency  distribution.  This  is  not  unexjmeted,  since,  at  a  sampling  rate 
of  512/s,  the  maximum  unambiguous  frequency  present  can  be  256  Hz  with  totally  ran¬ 
dom  distribution  of  amplitude— and  thus  we  may  expect  the  noise  covariance  to  reflect 
this  sjmctral  configuration. 

One  must  conclude  from  these  and  other  observations  that  the  covariance  plots 
for  EEG  signals  assuredly  do  not  have  the  characteristics  of  the  covariance  observed  with 
random  noise. 


Figure  59.  Twenty-five  1-s  random  noise  epochs.' 


Figure  60.  Companion  of  All  covariance  of  25  random  noiie  samples  and  25  EEG  epochs  for  Rat  C,  TNT  stimulus. 


Similar  observations  as  to  tin*  non-random  nature  of  the  EEG  are  also  in  order 
for  the  Segmentation  Process.  Figure  61  displays  the  error  function.  E^.  versus  time  of  two 
signal  samples.  The  up|M*r  trace  displays  the  E(  of  random  noise  over  the  3-s  interval  w  ith 
(3  =  1.0.  As  noted  in  the  discussion  of  the  Segmentation  Process.  the  predicted  and 
measured  value  of  /3  for  random  noise  is  0.0155  ami  this  relationship  is  evident  here 
where  the  E.  plot  displays  virtually  no  f>eaks  of  visual  significance. 

The  bottom  traee  of  Figure  61  is  the  plot  of  E.  for  an  EEG  e\|>eriment  from 
the  data  for  Kat  ('.  Here,  there  is  ample  evidence  of  the  non-randomness  of  the  rat  EEG, 
over  short  jieriods  of  time.  These  plots  when  augmented  bv  the  plots  of  Figure  60  are  con¬ 
vincing  proof  that  the  results  of  the  experiment  are  based  upon  physiologically  signifi¬ 
cant  events  and  are  not  the  result  of  mathematieal  of>erations  upon  random  occurrences. 

Even  though  the  plots  of  covariance  and  segmentation  appear  to  argue  incon¬ 
testably  in  favor  of  the  proof  of  Thesis  I),  it  was  derided  to  apply  a  single  statistical  test 
to  one  set  of  data  as  the  coup  de  grace.  Since  the  segmentation  process  was  the  final 
metric  used,  the  data  were  conveniently  arcessable  in  the  M  ERA  DCOM  computer,  and 
thus  these  data  were  subjected  to  the  test. 

The  particular  test  applied  was  the  standard  Wileoxon  signed  rank  test,  which 
is  fully  deserilied  in  many  texts.  This  technique  is  a  relatively  simple  nonparametric  test 
which  will  determine  whether  or  not  a  set  of  paired  values  manifests  a  significant  mean 
difference.  Here,  the  word  “significant"  may  be  used  to  indicate  that  sufficient  (or  insuf¬ 
ficient)  evidence  exists  in  the  tested  data  to  accept  (or  reject)  the  hypothesis..  For  the  TNT 
data  from  the  segmentation  process,  the  “tail”  probabilities  indicate  significant  values 
ranging  from  0.005  to  0.05.  which  clearly  demomstrate  the  extreme  unlikelihood  that  the 
data  would  l>e  as  they  are  if  only  random  events  occurred  in  the  1-s  interval  following  the 
trigger. 

Much  of  the  data  taken  during  this  long  series  of  experiments  has  yet  to  be 
analyzed.  When— and  if— all  remaining  data  are  examined  by  the  covariance  and 
segmentation  process,  it  seems  highly  likely  that  the  statistical  evidence  will  In*  weighted 
even  further  toward  solid  proof  of  Thesis  I).  simply  as  a  result  of  the  greatly  increased 
numlH*r  of  samples. 

h.  Experimental  Controls.  The  nature  and  extent  of  the  experimental  controls 
appears  to  be  most  appropriately  treated  as  the  final  argument  in  support  of  the  stated 
results  after  all  ex|M*rimenta!  data  have  In*en  fully  discussed,  and  for  this  reason  the  ra¬ 
tionale  apjM*ars  under  Section  HI,  “RF)St)LTS.”  in  this  re|M>rt. 
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While  il  would  perhaps  have  liccn  possible  to  conctirrcntlv  iiiaiiitain  two  popu¬ 
lation-  of  cxp-niiicntal  "ill  for  I  lit-  purpo-c  of  comparin'!  the  surpeallv  and 

htliav  iorallv  modified  rat'  at  each  step  in  the  research  program  to  a  totaliv  and  con- 
tinuallv  naive  control  croup,  the  additional  factor,  of  time. cxp-u-«*.  and  data  complexity 
were  judged  to  he.  in  all.  of  negative  \alne  to  the  procrutti.  For  this  reason,  the  use  of  a 
coiitinuallv  naive  control  croup  p-r  se  was  excluded  from  coitsitteralion  early  in  the 
program. 

However,  the  test  croup  pipulation  was.  itself,  siiitahie  t«*  serve  as  a  totally 
naive  control  croup  hv  use  of  the  KK(i  recordings  derived  prior  to  te-t  prot**co!  implemen¬ 
tation  from  each  surgicallx  modified  subject.  It  was  alwavs  necessary,  as  explained  in 
Section  II.  "MKTHODS  \M)  \1  \ TKR1  AI.S.”  to  ascertain  that  the  KBS  and  KK(»  elec- 
trtxles  were  prop  located  and  functional  prior  to  its*-  of  anv  rat  a-  a.  test  subject. 1 "* 
Thus,  the  term  “naive”  applie*!  throughout  the  lest  |Hipulatiou  refers  to  naivety  with 
regard  to  the  pairing  relationship  of  KBS  to  TNT  vap*r  ptesetice  ami  not  to  ignorance  of 
the  emotional  phenomena  assttcialcd  with  simple  KBS. 

To  accomplish  this  control  function,  each  test  participant  was  placed  in  the  test 
fixture  and  subjected  to  random  application  of  TNT  ami  neutral  olfactory  stimuli  while 
the  KKH  was  continnoU'lv  recorded.  As  might  la*  cxpi-led.  little  of  consequence  was 
derived  from  thesenaive— object  data.  Then-  was.  a  priori,  no  reason  to  expect  a  unique 
feature  in  the  character  of  the  KK<»  signals  derived  during  period-  of  unfamiliar  olfae* 

■  lorv  stimuli,  and.  in  fact,  mi  rejieatablc.  di-eernable  feature  was  observed  in  the  KK(» 
-ignals  a  posterior*-  a»-ross  all  naive  rats  when  thev  were  eximse*!  to  TNT  vapor.  Also, 
there  was  no  liehavioral  evitlenee. which  micht  indicate  that  TNT  was  a- significant  plfac* 
tory  stimulus  at  any  time  prior  t«i  TNT/KBS  pairinc-. 

figures  62  ami  63  show  the  All  covariance  means  for  one  totally  naive 
subject— Rat  100.  The  highest  of  the  |>ruks  near  the  left  edge  an-  believeil  tuJie  the  result 
of  lnn«-lutency  processing  of  the  s*ileuoid  valve  relax  acoustic  signal.  ( Generally.  the  satne 
|approximate|  p-ak  location  was  observed  .across  all  native  rats,  but  the  individual  varia¬ 
tion  was  large.  both  with  resp-ct  to  the  p-ak  amplitude — and  heme  to  the  decree  of 
covariance — ami  with  resjicct  to  the  latency.  Il  was  interesting  to  observe  the  chance  in  the 
nature  ami  ptsitiun  of  the  auditory  event  as  the  subject  was  bronchi  from  the  naive  stale 
tu  an  awareness  of  the  likelihood  of  KBS  when  TNT  vapir  was  present.  As  with  other 
observed  physiological  ami  Itchavior.ul  events,  there  will  lie  no  discussion  of  the  pissihlc 
reasoiis  for  the  change  in  this  event,  since  it,  is  inappropriate  here.  Suffice  to  say.  there 
was  gcticrallv  a  shift  in  the  teuipiral  p»ition  of  the  auditory  ev«-nt  from  a  naive-subject 
location  at  p-rhaps  ,60  ms  to  TO  ms  p»s|-triggcr  to  the  10-ms  "final  hieation"  in  fully 
trained  subjects.  These  plots,  for  the  T^  ami  N0  interval  covariance  means  of  10  ex- 
p-ritnenls.  were  chosen  at  ratulon  fmm  a  collection  of  similar  figures. 

^  1 1»-  r— If r  s  ill  rr.  jll  lh*tl  Kits  inn-1  lir  j|»j.!ifit  in  ihr  f  III  l-m.n m .  {nnl-nrcM-sl  -***f  r*i  i-mf inn  ihr  nurnl  |iljrrmrnl  nf  Ihr 

eUlnNle  m  llw  MMl  KKl*  tiulu  arr,  mIm*  i4wme*l  tit  lltt»  led  j>h««r  l«  tlelrnmiir  lltr  palmt  uf  ihr  ntnltHl  klwren 
I  hr  .urfitr  .tf  llw  <iur«  nt4lrf  ,hhI  llw  I.Kli  rlrr  Irntlr.  untl  ihr  |Mlt*m>  4  ihr  »-w*»prrtni«w. 
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Kxcept  for  the  evidence  of  a  rudimentarv  auditor'  event.  there  is  nothing 
remarkable  to  be  »een  ill  these  plots,  nor1  was  there  ariMlmiu'  of  eon-e<piencr  to  lie  seen  in 
the  plots  for  T  —  I.  T  +  I.  \  —  l.  ami  \  +  i  for  this  naive  rat.  Fxamination  of  many 
similar  plots  offer  convincing  arguments  to  the  effeet  that  there  is  nothing  inherent  in  the 
exjieriniental  protocol  which.  <if  itself,  eauses  the  eharaeteristie  changes  observed  in  the 
T0  KF.tl  of  the  trained  test  suhjeets.  Therefore,  it  appears  certain  that  those  features  just 
deserilied.  which  apjiear  unitpielv  with  tlie  presenee  of  TNT.  are  indeed  due  to  the  emo¬ 
tional  resjHinse  of  a  trained  siihjeet  to  the  potential  arrival  of  an  FRS  reward.  The 
representative  figures  (62  and  63 1  eertainlv  show  no  evidence  of  an'  profound  or 
"eharaeteristie"  covarying  event  to  odorant  presence  *uel»  as  tliat  seen  in  f  igure  32. 

Additionally.  it  must  lx*  recognized  that  the  fullv  trained  subject  population 
served  as  controls  across  the  various  time  intervals  examined  in  data  processing.  In  those 
series  of  events  where  TNT  was  the  olfactory  stimulus,  it  was  alwavs  evident  that  the 
‘covariance  process  background  FF.fi  interval.  T  —  I.  wa».  in  essence,  a  control  jieriod  for 
comparison  with  the  T0  interval,  as  was  also  the  case  for  the  T  +  1  interval.  The  same 
wa.«  true  for  N0  comparisons  with  the  N  —  I  and  \  4-  I  intervals.  Further,  the  neutral 
events  in  all  intervals  (N  —  1.  N0  and  \  -f  I|  served  as  control  data  in  the  search  for  the 
uniipic  event  in  the  T j4  interval. 

Idle  the  events  |>ortrayed  in  Figures  62  and  63  are  based  upon  the  (invariance 
Process,  the  remarks  are.  in  general,  true  for  all  metrics,  and  thus  they  npplv  in  concept  to 
the  S>gmentation  Process.  For  the  sake  of  completeness,  however.  Figures  64  and  63  are 
included  to  show  the  output  of  the  Segmentation  Process  to  the  naive  data  of  Rat  100.  As 
with  the  plots  of  covariance,  there  is  no  discernible  evidence  that  the  naive  rat  is  affected 
by  the  presence  of  TNT  as  is  the  trained  rat. 


IV.  SUMMARY  ANl)  CONCLUSIONS 


29.  Summary.  As  noted  in  Section  I.  one  of  the  most  promising  research  domains 
is  the  largely  unexplored  area  of  biosensors  wherein  both  in  vivo  and  in  vitro  applications 
of  the  sensory  functions  of  living  creatures  may  Im*  used  as  sensory  elements  in  new  detec¬ 
tion  systems.  Biosensors  using  a  living  creature  as  the  sensor— the  in  vivo  approach — offer 
the  !>est  chance  of  near-future  application  in  light  of  current  knowledge.  In  this  af>- 
proaeh.  the  practical  research  goal  is  to  achieve  the  optimum  aiiimal/machine  interface, 
which  is  defined  as  that  oftcralional  configuration  which  results  in  optimum  sensitivity 
and  specificity  while  maintaining  a  reasonably  high  true  reponse  to  false  response  ratio 
(10  to  1  or  (tetter). 

The  research  program  discussed  herein  was  the  first  significant  step  in  this 
direction.  It  is  clearly  evident  from  the  data  presented  that  albino  male  rats  of  the 
Sprague-Dawley  strain  can  reliably  delect  some  characteristic  olfactory  signal  front  the 
effluents  of  military -grade  2.  f. 6-trinitrotoluene  when  the  effluent  concentration  is  very 
small.  This  program  may  |>crhaps  Itesi  |>e  defined  as  the  successful  opening  gambit  in  a 
series  of  research  efforts  directed  toward  the  use  of  eonqxisite  rat/microproeessor  systems 
for  the  detection  and  annunciation  of  the  presence  of  extremely  low  concentrations  of  a 
variety  of  target  substances.  As  stated  in  the  text,  no  effort  was  made  to  quantify  the 
minimum  detectable  concentration  across  the  test  subject  population. 

There  was  no  effort  in  this  program  to  identify  odorant  targets  other  than 
TNT  which  the  test  subjects  might  detect  l»ecatise— as  is  the  case  with  sensitivity — the  ef¬ 
fort  is  vast  and  complex  and  far  Iteynnd  the  intent  of  the  instant  research. 

It  must  l^e  stressed  that  the  field  of  biosensor  detection  research  is  in  an 
embryonic  stale  where  every  effort  ap(>ears  to  l»e  largely  a  pioneer  effort  w  ith  little  prior 
knowledge  to  serve  as  guide  jmjsIs.  Ho|>efully.  the  success  of  this  research  program  will 
spur  comjretent  researchers  in  Inrth  the  public  and  private  sectors  to  delve  deeply— and 
quickly— into  the  methods  for  optimal  use  of  animals  as  detection  system  sensors. 

Briefly,  the  instant  research  program  sought  to  prove  that  rats  could  detect 
TNT  vapor  via  the  olfactory  sensory  modality  and  that  they  could  l»e  trained  l>oth  to 
signal  the  fact  of  detection  by  operant  means— a  treadle  press— and  by  evidencing  a 
distinctive  change  in  their  cortical  KK(J  at  the  moment  of  detection.  Prior  to  achieving 
this  goal,  it  was  necessary  to  demonstrate  unequivocally  that  rats  could  detect  and 
operantlv  annunciate  the  preseme  of  TNT  vapor.  Proof  of  the  existence  of  a  TNT- 
dependent  KK(»  signal  feature  was  complex,  and  over  half  of  the  research  effort  and 
funding  was  expended  in  this  area. 
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Several  mathematical. approaches  were  applied  to  the  raw  analog  and  digital  LEG 
data,  with  each  approach  l*ecouiitig  more  Miphistirated.  The  final  elucidation  of  the 
elusive  Antieipatorv  Evoked  Sj»ectral  Change  was  achieved  by  two  processes  which  are 
quite  different  in  nature. 

The  first  successful  process  emploved  the  covariance  relationship  between  similar 
events,  whereas  the  second  successful  process  compared  the  error  function  existing 
l>elveen  significant  events  in  jw»wer  sjiectra  across  a  data  epoch.  Selection  of  the  best 
microprocessor  program  to  perform  these  functions  in  the  suggested  rat/microprocessor 
configuration  was  not  a  research  goal,  and  hence,  no  recommendation  is  made  as  to 
which  technique  is  Iwttcr  for  the  ultimate  purpose  of  explosives  detection.  Such  derisions 
must  await  the  outcome  of  future  re-earch— and  neither  technique  may  lie  chosen  for  the 
first  field-test  svstem.  if  the  continuing  search  for  more  efficient  metrics  is  effective. 

30.  Value  of  the  Research  Effort.  The  net  value  of  the  research  to  the  sponsoring 
agenev  is.  at  this  |>oint.  (terhaps  indeterminate.  While  it  has  been  demonstrated  that  small 
laltoratory  animals  can.  in  fact,  indicate  the  presence  of  a  target  substance  with  no  con¬ 
scious  action  on  their  part,  the  gap  between  this  achievement  and  a  practical  detection 
system .  for  man-portable  service  is  wide  and  formidable.  However,  there  are  now  no 
known  technical  barriers  which  cannot  he  crossed  bv  ample  research.  Given  adequate 
funding— always  the  most  uncertain  aspect  of  irsearch— it  is  rational  to  anticipate  field 
testing  of  a  portable  rat/micropmcessr.r  device  within  a  5-yr  period.  Deployment  of  field 
grade  devices  might  require  another  5  yr  past  initial  testing,  in  view  of  Army  develop¬ 
ment  cycle  scheduling. 

31.  Future  Research.  It  is  inqHirtant  to  include  herein  a  general  outline  of  the 
immediate  steps  which  should  lie  followed  to  continue  the  effort.  The  areas  for  immediate 
investigation  are: 

a.  Signal  analysis  by  the  covariance  process  should  lie  expanded  to  include 
“dithering”  of  the  existing  >.lata  from  individual  experiments  to  determine  the  limit*  of 
variation  of  physiological  and  experimental  latency  of  rrsponsc  from  experiment  to  ex¬ 
periment  and  from  animal  to  animal. 

h.  The  remaining  unexamined  data  from  this  pioneer  program  should  then  be 
analyzed,  using  both  covariance  and  segmentation,  to  the  point  of  diminishing  return. 
These  residual  data  include  the  mono|Miiar  signals  derived  from  the  parietal  and  occipital 
electrodes,  plus  the  hi|io!ar  data  derived  from  the  various  lead  combinations  (parietal- 
cingulate.  parietal-occipital  and  cingulatc-occipital}.  While  it  is  somewhat  doubtful  that 
these  data  contain  more  significant  information  than  that  obtain'd  from  those  cingulate 
electrode  data  segments  User!  in  the  instant  research,  it  would  l>e  inconceivable  not  to  ex¬ 
amine  these  data  prior  to  undertaking  further  animal  exjterimentation. 


r.  While  the'  covariance  pr<K-e.*s  and  the  segmentation  [irtKi>>  were  successfully 
used  to  define  the  presence  of  an  olfactory-induced  AESC,  it  i*»  lupral  to  assume  that 
other  signal  processing  schemes  mav  exist  which  could  lie  u>ed  either  in  an  ancillary 
function  with  one  or  both  of  these  processes.  or  individually,  to1  improve  the  effectivitv  of 
signal  feature  extraction.  At  present,  a  suitable  source  for  such  advanced  methodology 
cannot  Ik*  specifically  identified  hut  new  computer  algorithms  appear  more  or  less  con¬ 
tinuously  in  the  vast  and  expanding  area  of  signal  processing.  ami  possibly  a  continuin'; 
search  will  disclose  a  more  appropriate  algorithm  for  future  EE(»  signal  analysis. 

d.  In  order  to  achieve  effective  detector  performance  in  a  real-world  environment, 
the  A  ESC  must  Ik*  elucidated  from  the  data  of  no  more  than  three  or  four  successive  1-s 
EE(»  samples  from  any  individual  subject.  To  accomplish  this  goal,  several  major 
research  steps  must  Ik*  made. 

(1)  The  locus  of  the  A  ESI!  must  Ik*  defined  more  precisely  than  at  present. 
This  goal  can  probably  l>est  Ik*  achieved  by  a  prec:se  and  orderly  mapping  of  the  brain 
structures  of  the  Sprague-Dawley  strain  of  laimratory  rats  used  in  the  instant  research.100 
Mapping  should  Ik*  extended  to  all  areas  almve  the  mid-hratn.  la-ginning  in  the  general 
structures  known  as  the  Undue  system  and  progressing  to  the  highest  cortical  structures. 
Isolation  of  a  relatively  small  cell  cluster  (say  <  1  nun)  as  the  AESfl  locus  would  do  much 
to  raise  the  effective  signal-tienoise  ratio,  and  thus  the  prcv*.«s  of  A KS( !  detection  could 
possihlv  Ik*  resolved  to  a  single  EEO/olfactorv  stimulus  epich  which.,  in  turn,  would 
result  in  a  high  reliability,  real-time  detection  capability. 

(2)  Once  the  Iikus  is  generally  known,  all  subjects  ran  lie  tester;  to  jierfomiance 
standards  by  automatic  test  equipment,  as  is  standard  practice. with  mas*  produced  ele«- 
tromc  circuit  elements. 

(3)  Overall,  a  fullv  functional  sensors  element  such  as  the  ral/micropnM*essor 
combination  could  lie  “produced"  in  the  main  by  automatic  training  and  testing  pro¬ 
cedure*  based  upon  the  result*  of  the  instant  research. 


lot) 

THrrr  »•  no  talnl  rramn  for  Mamintni  ami  noticing  ihr  brain  m  'dbrr  tfraam.  **nrr  fhr  IN  «tilijrrH  u*nl  ikrtmihoul 
thi*  pritfram  havf  MNlrncftl  no  aiivrrv  rHarafirndM'*. 
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